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PREFACE. 


Ktthehoxjs  inquiries  made  on  matters  connected  with  our 
Iron  and  Coal  Industries  led  me  in  the  year  1874  to  pre- 
pare a  series  of  articles  on  iron  for  the  ^^Mining  Journal." 
These  articles  were  fiivourably  received,  and  I  was  strongly 
urged  from  various  quarters  at  home  and  abroad  to  publish 
the  information  in  a  more  extended  form. 

It  had  previously  occurred  to  me  that,  although  much 
valuable  information  existed  on  these  subjects,  it  was  too 
widely  dif^ised  to  be  practically  useful. 

My  aim,  therefore,  has  been  to  condense  all  available 
information,  and  to  introduce  into  this  volume  such  details 
relating  to  our  coal,  iron  and  steel  industries  as  were 
available.  These  may  be  briefly  enumerated  as  follows — 
the  coal-fields,  their  extent  and  area,  the  principal  coal 
scams  and  ironstone  measures,  the  production  and  distri- 
bution of  the  coal  and  ironstone;  the  variations  in  prices, 
the  population  employed  under  and  above  ground,  and 
considerations  as  to  the  probable  duration  of  the  coal 
deposits. 

In  carrying  this  out,  the  early  history  of  the  rise  and 
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progress  of  pig-iron  manufacture  has  been  traced  since 
the  year  1740,  each  iron-making  district  being  separately 
considered,  and  the  production  recorded.  The  quantities 
of  coal  and  iron  ore  used  in  this  important  manufacture 
have  been  given,  and  the  returns  bearing  upon  economy 
in  the  use  of  coal  in  the  smelting  operations  of  the  blast 
furnace  have  been  carefully  collected  and  stated.  Lists 
of  all  the  works  engaged  in  the  manufacture  of  steel  by 
the  Bessemer,  Siemens,  Siemens-Martins,  and  Thomas- 
Gilchrist  processes  have  been  included. 

I  have  spared  no  labour  in  consulting  every  authority 
within  reach,  and  I  believe  much  valuable  matter — 
throwing  considerable  light  upon  the  manufacture  of  pig- 
iron  towards  the  end  of  the  last  and  beginning  of  the 
present  century — has  been  obtained. 

Amongst  others  the  annual  Eeports  of  H.M.  Inspectors 
of  Mines,  the  Eeports  of  the  Eoyal  Coal  Commission  in 
1870,  and  the  select  Committee  of  the  House  of  Commons 
in  1873,  appointed  to  inquire  into  the  "Cause  of  the 
deamess  of  Coal,"  have  furnished  much  information.  The 
consumption  of  fuel  in  the  manufacture  of  pig-iron  was 
first  ascertained  for  the  latter  Committee,  and  has  since 
then  been  published  regularly  in  the  annual  volume  of 
the  "  Mineral  Statistics  of  the  United  Kingdom." 

Having  referred  to  the  principal  sources  from  which 
the  details  have  been  derived,  it  remains  for  me  to  express 
my  obligations  to  all  who  have  aided  me  in  my  labour. 
To  the  officers  of  the  Geological  Survey  I  owe  many 
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obligatioiis,  particularly  Mr.  Frank  Eutley,  F.G.S.,  who 
kindly  favoured  me  with  the  introductory  chapter  on 
"  The  Mineralogical  Character  of  the  principal  Iron  Ores/' 
To  my  colleague  Mr.  James  B.  Jordan,  I  am  indebted 
for  the  map  to  illustmte  the  coal  and  iron  districts  of 
the  United  Kingdom.  To  the  proprietors  of  the  "  Mining 
Journal,"  who  courteously  placed  at  my  disposal  my  early 
papers  published  in  that  journal ;  and  to  many  gentlemen 
whose  names  appear  in  the  text  as  having  rendered  valuable 
assistance,  I  respectfully  tender  my  sincere  thanks. 


NOTE. 

It  may  be  desirable  to  state,  that  througlwut  the  first  part  of  this 
volume  the  startles  referring  to  the  ^^ production  of  coal^^  have 
been  derived  from  two  sources  of  hiformMion.  One  of  these  sources 
is  the  series  q/""  Mineral  Statistics  of  the  United  Kingdom," 
issued  annuaUy  from  the  Mining  Record  Office ;  the  other  the 
"  Reports  of  H.M.  Inspectors  of  Coal  Mines." 

In  considering  the  production  of  the  several  coal-fields,  the 
"  Mineral  Statistics  "  have  been  used,  inasmuch  as  the  series 
extends  over  a  longer  period,  and  gives  annual  returns  continu/ously 
since  the  year  1854.  In  computing  the  probable  duration  of  our 
coalfields,  the  same  authority  lias  been  taken  as  a  basis  of  calcula- 
tion. 

With  regard  to  the  population  employed  in  our  coalfields,  and 
its  relation  to  the  amount  of  coal  raised,  and  the  average  jyroduce 
per  man,  the  "  Reports  of  H.M.  Inspectors  of  Mines,"  com- 
mencing with  the  year  1864,  have  been  adopted,  as  relating  more 
especially  to  these  matters. 

R.  M. 
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PART   I. 

COAL   INDUSTRIES. 

—t — 

CHAPTER    I. 

THE    DURHAM   AND    NORTHUMBERLAND    (OR    GREAT    NORTHERN) 

COAL-FIELD. 

Eariy  History  of  the  Coal-field — Extent,  Area,  and  Geological  Featares  of  Coal- 
field— ^Varieties  of  Coal  and  Analyses  ^Production  and  Distribution  of  Coal  by 
Railway  and  Sea — Prices  and  Cost  of  Production — Population  employed  in 
Coal  Mining — Resources  and  probable  Duration  of  Coal-field. 

Sarly  Suitory  of  the  Chreat  Vovthern  Coal-fl«lcL — The  early 
history  of  this  coal-field  presents  numerous  and  interesting 
features,  and  extends  to  a  remote  period ;  a  few  of  the  more 
general  facts  may  be  referred  to.  As  early  as  the  year  a.d.  852 
there  is  a  record  of  the  Abbey  of  Peterboro'  receiving  twelve  cart- 
loads of  fossil  or  pit  coal.  In  1180  there  occurs,  in  Bishop 
Padsey's  book  (Bishop  of  Durham),  a  grant  of  land  to  a  collier, 
for  providing  coals  for  the  cartsmith  at  Goundou,  in  the  County 
of  Durham ;  similar  grants  being  made  at  Bishopwearmouth  and 
Sedgefield  in  the  same  county. 

Again,  in  the  reign  of  Henry  III.,  a.d.  1239,  a  charter  was 
granted  to  the  freemen  of  Newcastle-upon-Tyne  to  dig  coals  in 
the  castle  fields,  and  it  appears  that  it  was  about  this  time  that 
coal  was  first  sent  to  London.  About  the  end  of  Edward  I.'s 
reign,  a.d.  1805,  considerable  quantities  of  coal  were  used  by 
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brewers  and  smiths ;  this  was  followed  by  numerous  complaints 
being  made  of  the  injurious  effects  of  the  smoke ;  the  burning 
of  coal  was  prohibited,  and  by  commission  from  the  King  fines 
levied  to  prevent  it.  Nothing  appears  to  have  resulted  from  this 
prohibition,  as  coals  are  stated  to  have  been  used  a  few  years 
later  at  the  King's  coronation.  In  Edward  III.'s  time  a  licence 
was  granted  to  the  freemen  of  Newcastle-upon-Tyne  to  work  coals 
within  the  town  walls ;  and  about  a.d.  1867  coals  were  also  worked 
in  the  neighbourhood  of  Winlaton,  near  Newcastle-upon-Tyne. 

The  first  government  tax  was  laid  upon  coals  in  the  year  1879 ; 
in  1421  a  duty  of  twopence  per  chaldron  was  paid  to  the  Crown 
''  on  all  coals  sold  to  persons  not  franchised  in  the  port  of  New- 
castle." This  duty  having  got  into  arrear,  payment  was  demanded 
by  Queen  Elizabeth,  and  in  lieu  of  arrears  a  duty  of  one  shilling 
per  chaldron  was  imposed,  which  was  enforced  to  the  time  of 
Charles  II.,  when  it  was  settled  on  his  natural  son  the  Duke  of 
Bichmond.  In  1799  the  Government  of  the  period  purchased 
the  above  tax  for  an  annuity  of  j919,000;  this  was  ultimately 
repealed  in  1881,  the  tax  having  been  in  operation  upwards  of 
four  centuries  in  the  neighbourhood  of  the  Tyne. 

Queen  Elizabeth  imposed  a  tax  of  five  shillings  per  chaldron  on 
coals  sent  over  sea,  to  which  King  James  I.  added  three  shillings 
and  fourpence  per  chaldron,  and  an  additional  one  shilling  and 
eightpence  per  chaldron  on  coals  exported  in  foreign  ships. 
After  the  great  fire  of  London,  the  Lord  Mayor  was  granted  an 
impost  of  one  shilling^per  chaldron  for  rebuilding  the  City ;  this 
was  further  increased  to  three  shillings  per  chaldron.  In  the 
year  1670  an  additional  tax  of  two  shillings  per  chaldron  was 
imposed  by  Parliament,  for  the  purpose  of  rebuilding  fifty-two 
parish  churches,  and  in  1677  a  frui;her  tax  of  three  shillings  per 
chaldron  was  imposed,  partly  for  rebuilding  St.  Paul's  Cathedral. 
These  duties  for  rebuilding  churches  continued  during  the  reign 
of  Queen  Anne. 

The  duties  on  coal  during  the  eighteenth  century  varied  con- 
siderably, being  at  one  time  as  high  as  nine  shillings  and  four- 
pence  per  chaldron ;  these  duties  however  have,  except  the  City 
of  London  tax  on  coals  of  one  shilling  and  one  penny  per  ton, 
long  since  been  repealed. 

The  export  duty  on  coals  to  foreign  countries  was  wholly 
repealed,  by  the  Act  13  &  14  Vict.  c.  95,  from  14th  August,  1850. 
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Previous  to  this  period  the  duties  levied  on  coal,  cinders  and  culm 
exported  from  the  United  Kingdom  was  three  shillings  and  four- 
pence  per  ton  in  British  ships,  and  six  shillii^s  and  eightpence 
per  ton  in  foreign  ships,  the  duties  on  small  coal,  &c.,  being  re- 
spectively two  shillings  per  ton  in  British,  and  four  shillings  per 
ton  in  foreign  ships. 

The  Gveat  Vorthem,  or  Durham  and  Northumberland  Coal- 
^eld. — This  extensive  area,  comprising  an  exposed  coal-field  of 
460  square  miles  and  a  concealed  area  of  225  square  miles,  pos- 
sesses some  of  the  most  important  coal-seams  wrought  in  Great 
Britain.  The  rivers  Blythe,  Tyne  and  Wear  naturally  give  names 
to  the  three  great  divisions  of  the  coal-field.  The  Blythe  coal- 
field, the  Tyne  coal-field,  and  the  Wear  coal-field  are  really  one, 
extending  from  near  Warkworth  at  the  mouth  of  the  river  Coquet 
on  the  north,  to  near  the  north  bank  of  the  Tees  (within  6  miles 
of  Barnard  Castle)  on  the  south — a  distance  of  nearly  fifty  miles 
in  length,  by  twenty  miles  in  breadth ;  its  greatest  diameter  being 
near  tiie  centre,  along  the  course  of  the  river  Tyne,  narrowing  in 
the  north  after  passing  the  river  Blythe.  Beyond  the  exposed 
and  concealed  coal-fields  above  referred  to,  embraciifg  an  area  of 
685  square  miles,  there  is,  extending  under  the  German  Ocean, 
another  area  of  111  square  miles  known  to  be  available. 

From  the  Coquet  near  Warkworth  to  the  river  Tyne,  the  German 
Ocean  limits  the  coal-field  to  the  east ;  the  Permian  rocks  then 
overlie  the  coal  measures,  forming  an  escarpment  of  magnesian 
limestone  which  ranges  to  the  southward.  As  far  south  as 
Hartlepool  the  sea-cUffs  are  of  magnesian  limestone ;  beyond  this 
is  lower  land  formed  of  Triassic  rocks.  The  southern  boundary 
of  the  coal  measures  will  probably  be  found  to  occur  a  little  north 
of  Hartlepool,  and  will  from  thence  range  south-westwards  to  a 
litUe  north  of  Bishop  Auckland.  **  The  centre  of  the  basin  is  on 
a  line  beneath  the  North  Seaton  Colliery  and  Jarrow.  South  of 
the  Tyne  the  axis  of  the  basin  passes  under  the  Permian  rocks 
and  the  magnesian  limestone  in  a  line  from  Jarrow  to  Monk- 
wearmouth  Colliery,  which  is  supposed  to  be  the  bottom  of  the 
basin.  The  beds  there  are  nearly  fiat ;  they  are  supposed  to 
rise  on  all  sides."  *  The  eastern  limit  of  the  coal  basin  will 
therefore  be  well  out  to  sea  under  the  German  Ocean. 

The  coal  measures  of  the  northern  coal-field  are  about  2,000 

*  Mr.  H.  H.  Howell.    Report  of  Rojal  Coal  Commissiony  vol.  i.,  p.  189. 
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feet  in  thickness.  Those  which  contain  the  workable  seams- 
probably  represent  the  '^  Middle  Coal  Measures  "  of  more  southern 
districts.  The  '^  Lower  Coal  Measures/'  or  Gannister  Beds, 
contain  only  thin  seams;  this  division  cannot  be  identified  in 
the  northern  part  of  the  coal-field.  It  is  not  certain  which  part 
of  the  series,  if  any,  represents  the  "Upper  Coal  Measures."" 
Professor  HuU  takes  the  '^High  Main"  as  the  top  of  the  Middle 
Coal  Measures ;  this  line  of  division  is  useful  as  marking  off  the 
more  important  seams,  those  lying  above  the  High  Main  being 
comparatively  unimportant. 

The  most  important  seams  are  the  High  Main  and  the  Low 
Main ;  they  are  usually  separated  by  about  60  fathoms  of  strata,, 
in  which  several  other  seams  occur.  As  a  rough  guide  and  aid 
to  memory  it  may  be  useful  to  note  that  in  Northumberland  the 
following  seams,  which  are  some  of  the  most  constant  in  the 
coal-field,  are  separated  from  each  other  by  about  SO  fathoms* 
of  strata : — 


Seventy-fathom  or  Black  Close  Seam. 
High  Main.    . 
Yaid  Seam. 


Low  Main. 
Beaumont,  or  Harvey. 
Brockwell. 


The  following  section  by  Professor  Hull,  F.B.S.,  indicates  the- 
position,  thickness,  and  order  of  occurrence  of  the  coal-seams  ia 
the  Newcastle  district.* 

COAL   SERIES  OP   NORTHUMBERLAND  AND   DURHAM. 

(Newoabtlb  Distbiot.) 

Ft    In. 
[  Clooing  HiU  Seam 18 

Strata 460    0 


n* 


QQ 


Hebbum  Fdl  Seam 2  & 

Strata 250  0 

Five-quarter  Seam 4  0 

Strata 260  0 

Three-Barter  (Black  Close)  Seam 2  0 

Strata 50  to  180  0 


1.  High  Main  Coal 6    0 

Strata from  33  to  150    0 


'*  Coal  Fields  of  Great  Britain,"  4th  edition,  p.  276. 
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Ft    In. 

2.  Mdal  Coal 16 

Strata 3S    0 

3.  Stone  Coal 16 

Strata 60  to  100    0 

4.  Yard  Coal  (Tariable) 2  10 

Strata 60  to  100    0 

6,  Bemham  Coai 2  ft.  5  in.  to      5    0 

Strata 78    0 

6.  Five^qtiarter  Coal 3    0 

Strata 48    0 

7.  Low  Main  or  HuUon  Coal 6    0 

Strata 30  to  100    0 

5.  Crow  Coal  (inoonstant) 2  10 

Strata 24    0 

9.  Five-guaHtr  Coal 3    8 

Strata 30    0 

10.  RuUt  Coal 1  10 

Strata 96    0 

11.  TownUy  or  Harvey  Coal 3    1 

Strata 42    0 

12.  JeUy  Coal 2    2 

Strata 42    0 

13.  BUme  Coal 2    5 

Strata 18    0 

14.  Five-^uarier  Coal 3    4 

Strata 30    0 

15.  Three-quarter  Coal 2    6 

Strata 54    0 

16.  Brockwea  Coal 2  11 

The  foregoing  table  applies  chiefly  to  the  neighbourhood  of 
Newcastle  and  the  districts  to  the  west  of  that  town.  Slight 
Tariations  and  differences  of  names  are  met  with  in  other  districts, 
but  this  sufficiently  describes  the  general  succession.  It  is 
doubtful  if  the  seams  below  the  Low  Main  are  of  much  value 
in  the  south-east  of  Northumberland  and  neighbouring  parts  of 
Durham.  Boreholes  put  down  to  explore  them  at  some  collieries 
of  late  years  have  failed  to  prove  the  expected  seams. 
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Most  of  the  other  important  seams  can  be  traced  through  the 
greater  part  of  the  coal-field,  being  known  by  various  names 
in  different  parts.  But  on  the  north  of  the  river  Wansbeck  there 
is  some  difficulty  in  recognizing  the  beds.  Just  north  of  the 
river  the  Low  Main  has  been  worked.  The  "  Main  Seam  *'  of 
Ashington  and  Longhirst  Collieries  represents  the  "  Grey  Seam" 
(metal  and  stone  coals)  >  of  other  districts.  But  the  relations  of 
the  seams  in  other  collieries  are  somewhat  uncertain. 

It  has  long  been  the  custom  in  this  district  to  designate  many 
seams  by  their  thickness ;  thus,  the  "Yard  Coal"  is  a  coal  which, 
where  first  chiefly  worked,  averaged  a  yard  in  thickness.  Other 
seams  are  spoken  of  as  so  many  parts  of  a  yard  ;  thus  a  *'  five- 
quarter  seam  "  is  a  coal  about  8  feet  9  inches  thick.  The  seam 
most  commonly  known  by  this  name  is  that  next  above  the  Low 
Main ;  but  in  the  table  three  other  seams  have  the  same  name. 

The  Northern  coal-field  is  much  intersected  by  faults,  some 
of  very  great  amount.  In  the  immediate  neighbourhood  of  these 
the  beds  often  have  a  high  dip,  but  through  the  greater  part  of 
the  coal-field  the  seams  lie  at  a  gentle  inclination.  Besides  the 
faults,  or  *'  slip  troubles  **  of  the  miners,  there  are  basaltic  dykes 
known  as  "  whin  troubles." 

In  the  western  and  northern  parts  of  Northumberland  a  large 
quantity  of  coal  is  raised  from  seams  in  the  carboniferous  lime- 
stone series.  The  beds  here  are  on  the  same  geological  horizon 
as  the  thick  limestones  of  Derbyshire,  but  on  going  northwards 
we  find  the  limestones  to  be  gradually  split  up  by  shales  and 
sandstones,  until  in  Durham  and  Northumberland  limestone 
forms  but  a  small  part  of  the  whole. 

In  Northumberland  there  are  a  large  number  of  coal  seams 
worked  in  these  lower  beds.  In  the  south  of  the  county  the 
**  Little  Limestone  Coal,"  or  Acomb  seam,  is  the  most  important ; 
in  central  Northumberland  the  Shilbottle  seam ;  in  the  northern 
part  of  the  county  many  seams  are  worked,  the  most  important 
colleries  being  those  near  Scremerston. 

Although  as  compared  with  the  true  coal  measures  the  yield 
from  the  limestone  district  is  small,  yet  taken  together  it  comes 
to  a  considerable  amount.  In  1879  the  total  yield  of  the  limestone 
coals  in  Durham  and  Northumberland  was  about  260,000  tons, 
the  total  production  of  the  Great  Northern  coal-field  being 
29,562,079  tons. 
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Clay  ironstone  is  not  an  important  product  of  the  Northern 
coal-field.  It  is  found,  however,  in  some  places  of  sufficient 
thickness  to  have  been  worked.  It  usually  occurs  in  thin  beds 
in  the  shale,  and  contains  large  numbers  of  Anthracosia ;  hence 
it  is  usually  known  to  the  miners  as  "  Mussel-band."  The  most 
constant  portion  of  this  bed  is  a  little  way  above  the  Low  Main 
seam ;  but  occasionally  there  are  shell  beds,  which  sometimes 
contain  ironstone,  above  other  seams. 

Clay  ironstone  in  nodules  in  shale  occurs  sometimes  in  the 
limestone  series.  The  most  important  horizon  for  this  is  below 
the  *' Four-fathom  Limestone,"  as  worked  at  Brinkbum  and 
numerous  places  north  of  the  Tyne;  and  at  a  much  lower  horizon, 
Bidsdale,  Hareshaw,  &c. 

The  coal-field  of  Northumberland  and  Durham  is  naturally 
divided  into  districts,  which  produce  the  following  descriptions 
of  coal :  household  fire  coal,  gas  coal,  manufacturing  coal,  steam 
coal,  and  coking  coal. 

Kodiseliold  CoaL — The  household  fire  coal  of  these  counties  has 
ever  been  held  in  high  repute.  The  celebrated  "  Wallsend  "  *  was 
for  a  long  period  of  years  produced  from  the  High  Main  Coal  of 
the  Tyne,  the  colliery  from  which  it  was  produced  being  at  Wallsend 
on  the  Tyne,  and  hence  the  origin  of  the  designation  "  Wallsend  '* 
to  distinguish  the  "  Best  Household  Fire  Coal."  This  coal  was 
also  produced  at  the  various  collieries  of  Percy  Main,  Walker, 
Heaton,  Willington,  &c.,  on  the  Tyne.  It  was  not  that  coal  of 
similar,  or,  indeed,  as  afterwards  turned  out,  of  superior  quality, 
was  not  produced  on  the  Wear  and  Tees,  biit  the  coal  of  such 
quality  on  the  Wear  being  mixed  with  and  sold  with  other  coals 
of  an  inferior  quality,  no  coal  of  that  river,  or,  indeed,  in  the 
whole  coal-field,  bore  such  an  excellent  character,  or  sold  at 
such  high  prices  as  the  '' Wallsends '*  of  the  Tyne.  Time, 
however,  arrived  when  the  Hutton  coal  seam  of  the  Wear  (the 
Low  Main  of  the  Tyne  district)  was  sold  unmixed  with  other 
coal;  and  being  found  in  the  neighbourhood  of  Bainton, 
Lambton,  and  Hetton,  of  very  superior  quality,  it  was  brought 
into  the  market  as  a  Wallsend  coal«  The  superior  Wallsends 
of  the  Tyne  being  worked  out,  it  took  their  place,  and  up  to 

*  The  nAme  has  nnce  been  given  to  seyeral  coals,  which  are  not  equal  to  the 
ofiginaL 
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the  present  tLme,  has  been  sold  as  the  best  Wallsend  coal.  This 
coal  is  now  produced  from  the  Hutton  seam  of  the  neighbouring 
collieries  of  Stewart,  Lambton,  Hetton,  and  Haswell.  The  only 
coal  for  a  long  period  on  the  Tees,  approaching  to  the  quality  of 
the  Wallsends  of  the  Wear,  was  Tees  Wallsend,  or  the  Five- 
quarter  and  Main  coal  of  the  Black  Boy  Colliery,  but  more 
recently,  the  Five-quarter  seam  of  the  Hartlepool  district  has 
produced  a  coal  approaching  to  the  Wear  Wallsends.  Household 
fire  coal  of  second  quality  is  produced  from  the  collieries  of  all 
the  other  localities. 

The  household  coal  of  the  Great  Northern  Coal-field  has  ever 
had  a  high  reputation  in  the  London  market,  where  it  is  known 
as  **  seaborne  coal ; "  it  is  largely  imported,  and  commands  a 
high  price ;  it  possesses  great  heating  power,  is  steady  and  uniform 
in  combustion,  leaving  but  little  residue  and  a  small  proportion  of 
ash.  A  few  analyses  will  illustrate  the  constituents  of  house- 
hold coal,  that  of  the  Hutton  seam  being  now  the  best  variety  in 
the  district. 


CoiutttneiiU. 

HaswelL 

Hartley. 

Original 
Hartley. 

Carbon 

Hydrogen        .        .    . 

Nitrogen      •                . 

Sulphur  .        .        .    . 

Oxygen 

Aflh 

83-47 

6-68 

1-42 

•06 

8-17 

•20 

84-284 
6-622 
2-076 
1181 
6-223 
0-716 

81-18 
6-56 
0-72 
1-44 
8-03 
3-07 

100-00 

100-00 

100-00 

Gas  Coal  and  Aiialyaes. — The  best  gas  coal  in  this  district  is 
produced  from  the  Hutton  seam,  which  also,  as  previously  stated, 
produces  the  best  household  coal.  It  is,  however,  less  compact, 
and  liable  to  disintegration,  and  as  such  is  not  so  well  adapted 
for  a  first-class  household  coal.  Consequently  it  is  of  less  value 
for  that  purpose,  but  equally  valuable  as  a  gas  coal.  This  variety 
of  coal  is  obtained  from  the  Felling,  Pelaw,  Pelton,  and  other 
collieries,  and  from  some  of  the  lower  seams  on  the  Tyne.  It  is 
also  produced  from  the  same  seam  on  the  Wear,  and  from  the 
Brockwell  seam  on  the  Tees.  Gas  for  illuminating  purposes 
was  originally  introduced  by  Mr.  Murdoch,  an  assistant  of  Mr. 
James  Watt,  who  first  lighted  his  office  at  Redruth,  in  Cornwall, 
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and  used  gas  condensed  in  cylinders,  as  a  light  at  night  in  going 
to  the  mines,  about  the  year  1792. 

Afterwards,  Murdoch  having  made  several  improvements  in  his 
apparatus,  between  the  years  1798  and  1802,*  lighted  up  with 
gas  the  engineering  works  of  Messrs.  Boulton  and  Watt  at  Soho, 
near  Birmingham,  in  the  last  named  year.  This  afforded  an 
opportunity  for  making  a  public  display  of  the  new  system  of 
lighting  on  the  occasion  of  the  Peace  rejoicings  of  that  time. 
About  this  period  Mr.  Clegg,  a  gentleman  to  whose  energy  and 
scientific  skill,  gas  lighting  in  its  earliest  stages  is  much  in- 
debted, was  working  successfully  in  the  same  direction.  In  the 
year  1810,  the  Act  of  Parliament  incorporating  the  London  and 
Westminster  Gas  Light  and  Coke  Company  was  passed,  and  on 
the  81st  December,  1818,  Westminster  Bridge  was  lighted  with 
gas.  This  step  was  soon  followed  by  the  introduction  of  gas  in 
the  place  of  oil  in  several  of  the  leading  thoroughfares  of  the 
metropolis. 

Each  ton  of  coal  when  distilled  yields  10,500  cubic  feet  of  gas, 
and  even  more.  Bands  of  cannel  coal  were  formerly  wrought  in 
Leverson's  Colliery,  Wallsend ;  Pelton  Main  and  Washington, 
and  ftamsey's  colliery,  Newcastle-on-Tyne.  The  cannel  of  this 
last-named  pit  yielding  between  10,000  and  11,000  cubic  feet  of 
gas  per  ton.  The  bituminous  coal  of  this  district  is  in  great 
request  for  gas-making.  It  would  be  invidious  to  refer  to  all  iiiose 
collieries  furnishing  supplies  for  this  purpose ;  those  selected  and 
of  which  analyses  are  given  may  be  regarded  as  some  of  the  more 
important,  in  which  the  constituents  appear  as  follows  : — 


OoncUtoenti. 

Sonth 
Feareth. 

Bowden 
Clooe. 

Willhigton.       Oaresfldd. 

Carbon 
ISydrogen 
Nitrogen      . 
Sulphur  • 
Oxygen 
Ash 

81-41 
6-83 
2-05 
0*74 
7-90 
2-07 

84*92 
4-53 
0-96 
0-66 
6-66 
2-28 

86-81 
4-96  ) 
1-05  > 
0-88  ) 
6-22 
1-08 

86-9 

6*4 

6*2 
2-6 

100-00 

100-00 

100-00 

100*00 

These  coals  yield  coke  varying  from  66*70  to  72*19  per  cent. 


An  aoconnt  of  which  will  be  found  in  the  Philoaopbical  Transactions  for  1808. 
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Steam  Coal  and  Analyses. — The  best  coal  for  steam  parposes 
produced  in  the  Northern  coal-field  lies  to  the  north  of  the 
ninety-fathom  dyke,  in  the  Hartley  district,  and  comprises  almost 
all  the  coal  north  of  that  dyke,  along  the  coast  from  Hartley,  and 
to  the  crop  of  the  coal  in  those  districts  to  Warkworth.  It  is  an 
interesting  fact  that  the  same  bed  of  coal,  the  Hutton  seam  (or 
the  Low  Main  of  the  Tyne),  is  not  only  continuous  throughout 
almost  the  whole  extent  of  the  coal-field,  but  that  it  also  yields 
the  best  description  of  three  varieties  of  coal,  suitable  for 
purposes  not  at  all  similar  to  each  other,  viz.,  the  best  house- 
hold, the  best  gas,  and  the  best  steam  coal. 

The  best  coals  for  these  special  purposes  are  obtained  from  the 
Low  Main  seam  of  the  district.  Becent  workings  have  shown 
that  the  Low  Main  extends,  as  a  steam  coal,  under  the  district 
in  south-east  Northumberland  which  produces  good  household 
coal.  The  annexed  analyses  of  this  and  other  seams  of  coal, 
will  show  generally  the  prominent  constituents  of  the  seams 
examined. 


Constituenta. 

Buddies 
Hartley. 

Newcastle 
Hartley. 

Haswell 
Sunderland. 

Seaton 
Bum. 

Carbon 

Hydrogen        .        .     . 

Oxygen 

Nitrogen          .        •     . 

Sulphur 

Ash                  .        .     . 

78-69 
6-00 

10  07 
2-37 
1-51 
1-36 

81-81 
5-50 
2-58 
1-28 
1-69 
7-14 

83-71 
5-30 
2-79 
1-06 
1-21 
5-93 

78-65 

4-65 

13-66 

6-55 
2-49 

100-00 

10000 

100-00 

100-00 

Coking  and  Mannfeictiiring  CoaL — The  best  coking  coal  of 
the  district  is  obtained  from  the  lower  seams  of  the  Tyne  and 
from  South  Durham.  Manufacturing  coal,  either  separate  or 
mixed  with  a  gas  coal,  is  associated  with  it,  and  is  obtained  from 
the  lowest  seam  of  the  Auckland  district.  The  best  varieties  of 
coke  are  obtained  from  the  lower  coal  seams  at  Marley  Hill, 
Garesfield,  WyJam,  Townley,  &c.,  on  the  Tyne,  and  in  Durham 
from  the  lower  seams  at  Etherley,  Brancepeth,  Black  Boy,  &c. ; 
the  seams  are  said  to  be  equivalent  to  the  Garesfield  or  Brockwell 
seams  of  the  Tees,  and  yield  coke  of  the  best  quality  for  locomo- 
tive consumption,  and  for  the  reduction  of  the  ores  of  iron  in  the 
Cleveland  district.      This   coke  is  largely  exported  to  remote 
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districts,  its  superior  quaHty  bearing  a  high  rate  for  carriage. 
It  is  extensiyely  used  in  the  iron-making  districts  of  the  north* 
west  coast — Lancashire,  and  Cumberland ;  also  in  Lincolnshire, 
and  other  districts  even  more  remote.  A  second  quality  of  coke 
is  obtained  from  the  Harvey  or  Beaumont  seam,  and  from  the 
washed  small  coal  of  the  Hutton  seam. 

The  Oreat  Northern  coal-field  is  essentially  a  bituminous  coal 
deposit.  It  does  not  contain  any  anthracite,  nor,  with  the  excep- 
tion of  a  thin  bed  in  a  limited  locality,  does  it  contain  any  cannel 
coal.  The  specific  gravity  of  this  coal  varies  from  1*2  to  1'5, 
and  the  quantity  of  carbon  from  72  to  75  per  cent.  Further 
detailed  particulars  of  this  coal-field  will  be  found  in  the  pages  of 
the  "  Coal  Fields  of  Great  Britain,*'  by  Professor  Hull,  F.R.S., 
and  in  the  '*  Transactions  of  the  Mining  Engineers  of  Newcastle- 
upon-Tyne."  The  Low  Main  seam  of  the  Tyne,  the  equivalent  of 
which  is  the  Hutton  seam  of  the  Wear,  furnishes  the  least  caking 
coal  of  the  coal-field,  but  even  the  small  coal  when  coked  loses 
all  trace  of  its  original  form,  and  leaves  the  ovens  as  large  masses 
of  coke.  The  caking  coal  of  the  coal-field,  though  valuable  for 
many  purposes,  is  entirely  unfit  for  use  in  the  raw  state  in  the 
blast  furnaces,  in  which  its  fusing  property,  by  impeding  the 
blast,  causes  the  contents  of  the  furnace  to  hang  and  slip,  and 
thus  to  descend  at  irregular  intervals.  Against  this  disadvantage 
however  may  be  placed  the  extreme  hardness  and  strength  of  the 
coke  it  produces,  which  is  thereby  rendered  capable  of  resisting 
the  crushing  effects  of  a  high  column  of  materials  existing  in  the 
blast  furnace.  Some  interesting  experiments  made  at  the  Clarence 
Ironworks  showed  that  a  cube  of  coke  two  inches  on  a  side,  sup- 
ported a  weight  of  25  cwt.  when  cold,  and  20  cwt  when  hot, 
before  it  was  crushed. 

The  process  of  coking  in  the  ordinary  ovens  may  be  thus 
explained : — ^When  the  oven  is  re-filled  with  a  proper  charge,  the 
coal  is  fired  at  the  surface  by  the  radiated  heat  from  the  roof; 
enough  air  is  admitted  to  consume  the  gases  given  off  by  the 
coal,  and  thus  a  high  temperature  is  maintained  in  the  roof  of  the 
oven.  The  coal  is  by  this  means  melted ;  and  those  portions  of 
ity  which  under  the  influence  of  a  high  temperature  can  of  them- 
selves form  gaseous  compounds,  are  given  off,  forming  at  the 
moment  of  their  liberation  small  bubbles  or  cells ;  the  coke  now 
left  is  quite  safe  from  waste  unless  a  further  supply  of  air  is 
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allowed  to  have  access  to  it.  At  this  stage  of  the  process  Hie 
coke  assumes  a  pentagonal  form  and  columnar  structure.  When 
the  coke  is  left  exposed  to  heat  for  some  time  after  it  is  formed, 
it  becomes  harder,  and  works  better,  from  being  less  liable  to  crush 
in  the  furnace,  or  to  decrepitate  on  exposure  to  the  blast.  The 
best  variety  of  coke  obtained  from  Durham  coal  yields  the 
annexed  results : — 


GonBtitnents. 

Durham  CoaL 

Avenge  AnalyniB. 

Carbon 

Hj^drogen        .        .    . 

Nitrogen 

Oxygen   •        .        .    . 

Sulpnur 

Afih 

Total 

93*160 

•721 

1*276 

•906 

3*948 

84*92 
4*63 

*96 
6*66 

•66 
2.28 

100*000 

100*00 

In  the  Brancepeth  district,  the  Brockwell  and  Busty  seams  of 
coking  coal,  extensively  employed  in  the  blast  furnace,  show  the 
annexed  results  on  examination : — 


Constitaents. 

Busty  Seam. 

Biockwell 
Seam. 

Upper  part 

Lower  part 

Carbon 

Hydrogen        •        •    • 
Oxygen  and  Nitrogen  . 
Water      .        •        .     . 
Ash      .... 
Sulphur  .        .        .    . 

Total 

81*22 
4*70 
9*46 
0*85 
3*28 
0*81 

78*46 
4*42 
8*82 
0*99 
6*17 
1*83 

83^0 
4*40 
7*18 
0*99 
3*60 
100 

100*31 

100*69 

100*47 

The  coal  of  the  above  seams  yields  from  60  to  65  per  cent,  of 
its  weight  of  coke,  and  its  purity  will  be  understood  from  the 
appended  analyses  of  the  seams  in  the  following  collieries : — 


CollerieB. 

Carbon. 

Ash. 

Sulphur. 

Water. 

HamBteels  . 

Consett  •        ... 

Whitworth . 

South  Brancepeth  .    . 

92-65 
91-88 
91*66 
93*41 

6-36 
6*91 
6-69 
6*30 

•81 

•84 

1*21 

•91 

•21 
•37 
•64 
•36 
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In  the  following  table  appears  the  ascertained  results  per  cent.^ 
of  coke  from  the  coal  of  the  collieries  named  : — 

OOLLIBBItS.  PBB  OUHF. 

North  Percy  Hartley 57-18 

Newcastle  Hartley 64*61 

Derwentwater  Hartley 54-83 

Garr's  Gowpen  Hartley 58*59 

Grey's  West  Hartley 59*02 

DaTidson's  West  Hartley  .   • 59*49 

Haswell 62*70 

Hedley's  Hartiey 72*31 

BowdenGlose 69-69 

South  Hetton 7200 

Willin^ii 72-19 

Leyerson's  Wallsend 65*10 

South  Feareth 72*20 

PelawMain 69*70 

PeltonMain 69*80 

South  Tyne 63*70 

Urpeth 71*30 

Washing^n 68*75 

GldEtherley 70  00 

Taking  the  average  of  numerous  analytical  results  of  the 
best  varieties  of  Durham  coke,  6  per  cent,  of  ash  and  about 
*60  of  sulphur  may  be  considered  as  the  proportion  of  these 
constituents.  Some  general  idea  will  be  formed  of  the  ash  and 
sulphur  existing  in  samples  of  the  best  coke  from  the  annexed 
figures: — 


ABE   rWM  OBHT. 

flVLPRUa  PIR  OBRT. 

5*86 

0*58 

5*79 

0*68 

7*54 

0-77 

8*33 

0*90 

The  first  coke  made  in  Durham  was  obtained  from  the 
Six-quarter  and  Blackwell  coal-seams  at  Garesfield,  belonging 
to  the  Marquis  of  Bute  and  Mr.  Blackett.  About  a  quarter 
of  a  century  since  the  entire  make  of  coke  in  all  parts  of 
the  country  was  estimated  at  2,500,000  tons  a  year;  now,  in 
South  Durham  alone,  the  production  exceeds  4,000,000  tons. 
Amongst  the  largest  producers  are  Messrs.  Pease  and  Partners, 
the  Messrs.  Bell  Brothers,  Messrs.  Strakers  and  Love,  Messrs. 
Bolckow  and  Yaughan,  and  the  Consett  Iron  Company;  the 
first-named  firm  raise  from  their  pits  nearly  one  and  a  half 
million  -tons,  and  the  Messrs.  Bell  Brothers  one  million  tons 
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of  coal  annually,  the  greater  part  of  which  is  converted  into 
coke.  The  best  coking  coal  in  Durham  will  yield  about  65  per 
cent,  of  coke :  some  varieties  exceed  this ;  and  the  inferior  from 
58  to  56  per  cent.  The  local  ironworks  consume  a  large  tonnage, 
but  a  great  deal  is  sent  into  other  iron-making  districts,  as  well 
as  to  Sheffield,  where  the  hard-burnt  (the  costliest  in  making, 
being  of  good  size  and  long  in  shape)  is  extensively  used  in 
putting  round  the  melting  pots  in  the  steel  furnace. 

The  coking  coal-field  of  South  Durham  lies  principally  to  the 
west  of  the  North-Eastem  Railway  going  from  Bradbury  Station 
to  Gateshead — the  northern  limit — ^an  area  of  more  than  250 
square  miles.  During  the  past  few  years  efforts  have  been  made 
to  save  the  gases  given  off  in  the  ovens,  but  the  success  so  far 
has  not  been  equal  to  what  could  be  desired.  At  several  places, 
however,  the  waste  heat  of  the  coke  ovens  has  been  utilized. 
To  have  good  coke  it  is  necessary  that  the  gases  should  have  a 
free  outlet,  and  the  ovens  kept  burning  in  the  ordinary  way.  To 
secure  this  object  ovens  were  erected  at  the  Brownley  Colliery, 
And  the  results  attained  have  been  most  favourable.  The  ovens 
were  built  in  double  rows,  back  to  back,  but  with  larger  flues 
than  usual  between  them.  To  each  stack — about  116  feet  in 
height — ^were  connected  about  100  ovens,  an  equal  number  on 
each  side,  there  being  four  flues  and  boilers,  so  arranged  that 
the  heat  was  carried  past,  when  cleaning  or  repairs  were  being 
carried  on,  the  connecting  flues  being  built  compact  and  tight, 
so  that  there  was  great  freedom  from  smoke,  owing,  no  doubt, 
to  the  air-tight  and  perfect  character  of  the  flues,  the  small 
proportion  of  air  present  not  cooling  the  gases  to  a  point 
below,  by  which  the  hydrocarbons  escaped  imperfectly  burnt. 
This  was  shown  to  be  the  case  by  admitting  the  air,  when  flame 
was  at  once  seen.  By  this  arrangement  no  coal  whatever  was 
used  for  the  boilers,  and  the  produce  of  the  pits  was  drawn  from 
a  depth  of  600  yards,  and  the  water  pumped ;  for  which  purpose, 
before  the  new  system  was  adopted,  600  tons  per  fortnight  were 
wasted.  The  amount  of  heat  available  for  evaporative  purposes 
was  found  to  be  very  large. 

Mr.  Steavenson,  of  Durham,  in  recently  noticing  the  ovens 
alluded  to,  gives  the  result  of  50  of  them  coking  at  the  rate  of 
230  tons  of  coal  in  84  hours,  which  yielded  50  per  cent,  of  coke, 
composed  of  182'7  tons  of  carbon  to  5*8  tons  of  ash,  and  found 
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that  the  composition  and  weight  of  the  material  lost  in  coking 
was  : — Carbon,  62*6  tons ;  Hydrogen,  lO'S  tons ;  Nitrogen,  2'3 
tons ;  Sulphur,  1*4  tons,  and  Oxygen,  15*8  tons. 

At  several  places  the  coal  is  crushed  into  powder  before  going 
into  the  oven,  and  this  has  been  found  beneficial,  producing  a 
larger  per-centage  of  coke  with  less  refuse.  In  some  instances 
the  coal  is  both  crushed  and  washed,  the  washing  being  done  in 
troughs.  The  total  number  of  ovens  in  operation  in  Durham 
will  be  close  upon  14,000,  in  which  are  invested  considerably 
above  one  million  sterling.  The  time  necessary  for  the  burning 
process  varies  considerably.  An  oven  charged  lightly  for  24 
hours'  carbonisation — charging,  burning,  and  drawing  inclusive — 
will  occupy  in  combustion  18  or  19  hours ;  if  charged  for  a  48 
hours'  operation,  with  a  heavier  load,  combustion  will  occupy  from 
SO  to  82  hours.  But  these  short  hours  are  for  a  material  for  a 
specific  purpose.  Coke  made  for  shipment  or  for  smelting,  and 
having  regard  to  appearance  and  quality,  will  take  from  72  to 
96  hours  in  combustion,  and  even  as  much  as  120  hours ;  in  the 
latter  time  the  coke  is  much  harder,  more  compact  and  silvery- 
looking.  Some  of  the  Durham  coal  when  crushed  yields  as  much 
as  60  per  cent,  of  coke,  and  in  the  ovens,  the  coke  that  was  burnt 
the  fewer  hours  for  blast  furnace  purposes,  was  inferior  to  that 
burnt  for  a  longer  period,  owing  to  its  not  being  so  easily  oxidised 
into  carbonic  acid.  Excepting  the  ovens  and  the  general  arrange- 
ments above  referred  to  at  Brownley  Colliery,  the  general  type 
of  oven  in  use  in  Durham  is  the  old  bee-hive 'pattern.  At  the 
Consett  Ironworks  150  such  are  in  operation,  being  11  feet  and 
m  feet  in  diameter.  The  annual  value  of  Durham  coke  exceeds 
two  millions  sterling,  and  it  requires  about  2,000  drawers  to  aid 
the  operation. 

Pzodnctum  of  the  Coal-fleld. — There  is  much  obscurity  re- 
garding the  early  returns  of  production  of  this  coal-field.  As 
early  as  the  year  1602  the  vend  of  coal  from  Newcastie  amounted 
to  190,000  tons,  increasing  to  289,261  tons  in  the  year  1609,  of 
which  quantity  214,805  tons  were  sent  coastwise,  and  24,956  tons 
exported  to  foreign  countries.  Twenty  years  later  the  vend  of 
Newcastle  reached  289,922  tons,  of  which  258,380  tons  were 
shipped  coastwise,  and  86,542  tons  exported. 

In  subsequent  years  the  figures  following  will  show  clearly  the 
vends  of  the  northern  ports,  the  output  of  the  collieries  of  the 
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Great  Northern  coal-field,  and  the  total  output  of  the  coUieries 
of  Great  Britain  in  each  of  the  same  years : —  * 


Years. 

Vend  of  Nortliem  PortB. 

Prodttetion  of  Great 
Britain. 

1660 
1700 
1750 
1770 
1780 

Tons. 

•537,000 

653,000 

1,193,457 

1,551,350 

1,606,244 

Tons. 
2,148,000 
2,612,000 
4,773,828 
6,205,400 
6,424,976 

The  extension  of  the  canal  system  between  the  years  1755  and 
1800,  led  to  a  great  expansion  of  the  coal  trade,  inasmuch  as  the 
means  of  internal  communication  in  the  country  afforded  increased 
facilities  for  distribution,  and  gave  an  impetus  to  the  use  of  coal  in 
the  general  manufactures  of  the  country.  Between  the  years  1800 
and  1827  no  less  than  forty-four  canals,  or  improvements  of  rivers, 
were  projected.  These  receiving  the  sanction  of  the  Legislature, 
were  in  due  course  constructed ;  eventually  the  result  of  this 
new  means  of  communication  was  seen  in  the  distribution  of  the 
coal  to  remote  parts  of  the  kingdom. 

Again,  the  introduction  of  gas  for  illuminating  purposes,  the 
application  of  steam  in  our  manufacturing  industries  and  our 
mercantile  and  naval  marine,  the  increased  demand  for  iron  due 
to  the  development  of  our  railway  system,  all  contributing  to 
increased  consumption,  led  to  renewed  activity  and  the  increased 
prosperity,  apparent  in  the  returns  of  later  years. 

In  the  year  1816  the  production  of  the  Durham  and  Northum- 
berland coal-field  amounted  to  4,826,688  tons,  the  output  of  the 
collieries  of  Great  Britain  the  same  year  being  15,634,729  tons, 
leaving  10,808,046  tons  as  the  produce  of  the  other  coal-fields  of 
the  kingdom.  In  subsequent  years  the  returns  show  greatly  in- 
creased production ;  details,  however,  are  not  readily  ascertained. 
In  1856  more  reliable  returns  appear  in  the  "  Mineral  Statistics  " 
of  the  United  Kingdom.  Previously  the  most  uncertain  estimates 
of  the  coal  raised  were  prevalent ;  the  quantities  of  coal  carried 
coastwise  and  exported  were  annually  published  in  the  returns 
made  by  order  of  the  House  of  Commons,  but  very  little  informa- 

*  '*  Industrial  Resources  of  the  Tjne,  Wear,  and  Tees,"  read  before  the  British 
Associatiun  at  Newcastle  in  1863. 
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tion  was  to  be  obtained  respecting  the  inland  traffic  and  distribu- 
tion of  coal,  excepting  such  as  was  brought  into  the  metropolitan 
district. 

For  years  the  Great  Northern  coal-field  has  contributed  one- 
fourth  of  all  the  coal  raised  firom  the  collieries  in  the  United 
Kingdom.  In  the  year  1879  the  368  collieries  in  operation 
produced  29,552,079  tons ;  the  total  produce  of  the  3,877  collieries 
in  the  United  Kingdom  in  the  same  year  being  184,008,288  tons. 

Betuming  to  the  year  1855,  when  official  statistics  for  the  first 
time  appear,  the  Great  Northern  coal-field  produced  15,431,400 
tons,  the  output  of  278  collieries,  thus  distributed  : — 

NuMBBR  OF  Collieries. 

1^8,  Blyth  and  Coquet 100 

Wear  and  Seaham 34 

Tee6,  Hartlepool  and  Stockton 64 

Landsale  CoUieries 75 


Total 


273 


The  principal  seams  worked  in  the  district  may  be  referred  to 
as  the  High  Main,  Five-quarter  Main,  Low  Five-quarter,  Brock- 
well,  and  Stone-coal  seams.  Of  the  coal  raised  in  the  year  1855, 
the  following  schedule  shows  its  distribution  : — 

]>I8T]lI6UTI0ir.  TOSS. 

Sent  to  London  by  sea 3,016,868 

Sent  to  London  by  rail 221,689 

Sent  coastwise  to  other  parts 2,404,471 

Bailwaysale 2,924,000 

Sent  to  foreign  countries 3,014,372 

Used  in  iron  works 1,200,000 

Colliery  consumption 1,150,000 

Local  consumption 1,500,000 


Total 


.  15,431,400 


Following  the  development  of  this  great  coal-field,  successive 
years  show  the  returns  of  production  as  under,  to  which  is  added 
the  produce  of  the  collieries  of  Great  Britain  in  each  of  same 
years: — 


Tear. 

Northern  Coal-field. 

Great  Britain. 

Tons. 

Tone. 

1856 

15,492,969 

66,645,450 

1857 

15,826,525 

65,394,707 

1858 

15,853,484 

65,008,649 

1859 

16,001,125 

71,979,765 

1860 

18,244,708 

80,042,698 
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The  meeting  of  the  British  Association  in  Newcastle-upon- 
Tyne  in  1868  gave  rise  to  some  interesting  and  exhaustive  notices 
of  the  coal,  coke,  and  mining  industries  of  the  North  of  England, 
including  the  Taried  trades  and  manufactures  of  the  Tyne,  Wear, 
and  Tees.  From  these  reports,  prepared  by  Messrs.  Nicholas 
Wood,  John  Taylor,  John  Marley,  and  J.  W.  Pease,  the  produce 
of  the  Northumberland  and  Durham  coal-field  in  the  year  1861 
amounted  to  21,777,570  tons.  Writing  at  this  period,  now  nearly 
twenty  years  since,  these  gentlemen  conclude  their  observations 
on  the  duration  of  the  coal-field  as  follows: — "It  has  been 
intimated  that  it  would  be  very  desirable  that  some  observations 
should  be  made  on  the  duration  of  the  Northern  coal-field.  No 
doubt  the  quantity  of  coal  yet  to  work  in  that  coal-field  is  a 
subject  of  national  importance,  but  from  the  observations  already 
made  it  will  have  appeared  that  such  a  calculation  is  attended 
with  more  than  ordinary  difficulty.  The  coal-field  may  be  said 
to  be  that  of  an  oval  basin,  elongated  north  and  south.  On  the 
western  side  of  the  basin  the  outcrops  of  the  seams  are  pretty 
well  defined,  but  more  than  one-half  of  the  basin  appears  to  be 
covered  by  the  sea."  At  Monkwearmouth  Colliery,  near  Sunder- 
land, the  coal  is  being  wrought  under  the  sea,  and  at  Marsden, 
South  Shields,  th^  Whitburn  Coal  Company  are  sinking  a  pit, 
under  the  direction  of  Mr.  Daglish,  the  eminent  mining  engineer, 
to  win  the  coal  entirely  under  the  ocean.  On  examining  the  section 
from  Badcliffe  Colliery,  at  the  northern  extremity,  the  Castle 
Eden  Colliery,  near  the  southern  extremity,  the  beds  of  coal  lie 
at  a  very  considerable  depth  below  the  water  level  of  the  sea,  and 
that  line  of  section  passes  through  the  deepest  explored  part  of 
the  coal-field.  The  lowest  known  point  of  deepest  depression 
being  the  Hutton  seam  of  coal  (below  which  there  are  several 
workable  beds  of  coal),  which  is  at  Monkwearmouth  Colliery, 
800  fathoms  below  the  level  of  the  sea. 

Before  passing  on  to  the  yield  of  the  coal-field  in  later  years, 
it  will  be  interesting  to  see  the  several  heads  under  which  the 
production  of  the  year  1861,  previously  referred  to,  was  distri- 
buted, amounting  to  21,777,570  tons,  showing  an  increase  over  the 
output  of  the  year  1860  of  8,582,862  tons,  equivalent  to  nearly 
20  per  cent.  The  production  of  the  collieries  of  Great  Britain 
in  the  same  year  being  84,042,698  tons,  of  which  quantity  it  is 
said  nearly  4,000,000  were  wasted  on  fire  heaps. 
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DUTmBUTION.  V0K8. 

House  ooal 4,493,450 

Oasooel 1,717,000 

Steam  coal,  SEinall  and  manufacturing  coal      .                .  4,317,120 

Distributed  by  the  North  Eastern  Railway                .    .  2,180,000 

Distributed  by  Oarlisle  Railway 120,000 

Ck>ke  consumed  in  iron  trade 5,000,000 

Alkali  and  other  manufactures       .        .     *  .        .  1,250,000 

Colliery  and  home  consumption 2,200,000 

Duff  and  waste 500,000 

Total 21,777,570 


As  previously  stated,  the  total  output  of  the  collieries  of  the 
Great  Northern  coal-field  yield  folly  25  per  cent,  of  the  total 
produce  of  the  United  Kingdom,  and  this  proportion  continues 
to  be  maintained,  as  appears  in  the  returns  of  subsequent  years, 
in  which  the  total  yield  of  the  United  Kingdom  appears  side  by 
side  with  the  returns  of  Durham  and  Northumberland : — 


• 

Year. 

Darfaam  and 
NorthumberUind. 

United  Kingdom. 

Tons. 

TODH. 

1862 

19,360,356 

81,638,338 

1863 

22,154,146 

86,292,215 

1864 

23,284,367 

92,787,873 

1865 

25,032,694 

98,150,587 

1866 

25,194,550 

101,630,544 

1867 

24,867,444 

104,500,480 

1868 

24,394,167 

103,141,157 

1869 

25,765,430 

107,427,557 

1870 

27,613,539 

110,431,192 

1871 

29,190,916 

117,352,028 

1872 

30,405,000* 

123,497,316 

1873 

29,640,385 

127,016,747 

1874 

30,543,800 

125,007,916 

1876 

32,097,323 

131,867,105 

1876 

31,991,023 

133,344,766 

1877 

31,210,400 

134,610,763 

1878 

30,133,884 

132,607,866 

1879 

29,552,079 

134,008,228 

1880t 

34,913,508 

146,969,409 

The  coal  raised  in  the  Durham  and  Northumberland  coal-field 


*  Inclnding  the  output  of  the  coUieries  of  the  Cumberland  coal-field, 
t  Betom  H.M.  Lispectors  of  Mines,  1880. 
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was  distributed  and  used  in  the  following  manner  in  each  of  the 
years  1878,  1879  and  1880  :— 


Distribution  and  Use. 

1878. 

1879. 

1880. 

Tons. 

Tons. 

Tons. 

Coal  exported 

5,838,529 

6,702,785 

7,066,299 

•Coke     do 

322,800 

407,064 

394,550 

Coal  sent  coastwise 

5,824,578 

6,266,739 

6,341,976 

•Coke     do.         .... 

8,450 

8,990 

11,711 

Coal  by  rail  for  local  con-  ) 
sumption  and  land  sale    .  ) 

4,997,264 

4,847,681 

5,935,937 

Coal  for  railway  use 

576,297 

552,254 

610,364 

Coal  by  rail  to  other  districts  . 

435,810 

428,544 

398,257 

•Coke  by  rail  for  local  con-  ) 
sumption  and  land  sale   .  C 

Coke  by  rail  south  of  Al-  ) 
tofts  to  Carlisle        .        .  ] 

3,328,956 

3,282,310 

4,277,200 

2,073,050 

2,076,757 

3,955,100 

•Coke  for  railway  use 

12,650 

13,295 

10,788 

Coal   used  at  iron  works,  ) 
mills  and  forge§,  &o.  .     .  ) 

2,450,500 

2,250,000 

2,770,000t 

Colliery  consumption 

1,515,000 

1,215,000 

l,250,000t 

Local  manufactures,  domes-  ) 
tic  use,  &c.          .        •     •  ) 

Total         .        .     . 

2,750,000 

1,500,660 

l,891,326t 

30,133,884 

29,552,079 

34,913,508 

Distribntioii  of  Coal. — All  the  early  accounts  bearing  on  this 
subject  show  that  for  a  long  period, — extending  to  a  remote  date, — 
coal  was  distributed  through  the  country  by  means  of  pack-horses^ 
mules,  and  asses ;  the  coals  were  placed  in  bags  and  laid  on  the 
backs  of  these  animals,  and  within  the  recollection  of  the  present 
generation  vast  numbers  of  these  animals  were  thus  employed 
along  roads  and  in  districts  impassable  to  carts.  When  roads 
were  improved  and  carts  could  be  used,  the  usual  load  for  a  horse 
was  one  ton  conveyed  ten  miles  a-day.  About  the  year  1632 
wooden  railways  were  introduced  and  the  load  increased  to  two 
tons  in  one  waggon,  or  four  tons  in  two  waggons  on  a  favourable 
gradient.  In  the  early  period  of  coal  mining,  the  pits  were  generally 
sunk  on  or  near  the  outcrop  of  the  coal-seam,  or  in  the  elevated 
parts  of  the  districts ;  at  this  period  two  waggons  were  employed, 
an  extra  horse  being  used  in  the  more  hilly  parts  of  the  road  to 
drag  up  the  empty  waggons.     The  coals  thus  transported  were 


*  Equivalent  in  coal  given. 
f  Estimated  quantities. 
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conveyed  from  the  pits  to  the  river  Tyne,  from  whence  they  were 
conveyed  in  "  Keels,"  or  boats  carrying  twenty  chaldrons,  to  the 
ships. 

About  the  year  1794  cast-iron  rails  were  introduced  and  used 
at  the  collieries  in  Durham  and  Northumberland ;  these  about 
the  year  1815  were  succeeded  by  malleable-iron  rails,  first  in  Hie 
shape  of  tram  roads  and  ultimately  of  round-topped  rails.  Before 
the  introduction  of  steam,  horses  were  the  motive  power  employed, 
the  usual  load  for  a  horse  drawing  a  waggon  on  the  cast-iron 
roads  being  from  ten  to  twelve  tons,  on  a  level  or  sHghtly  inclined 
road,  and  the  distance  traversed  daily  from  twenty  to  twenty-four 
miles,  the  waggons  being  loaded  one-half  the  distance  and  empty 
the  other  half. 

The  introduction  of  locomotive  engines  on  tranoroads  occurred 
in  the  year  1811  on  the  Wylam  Railway,  anrf  in  the  following 
year  Stephenson's  improved  locomotive  on  round-topped  rails 
was  introduced.  At  this  period  the  assigned  performance  of  a 
locomotive  was  six  miles  per  hour,  conveying  a  load  of  forty  tons ; 
a  few  years  later  the  performance  of  a  locomotive  on  the  Liver- 
pool Bailway  was  thirty-thi'ee  tons,  conveyed  at  the  rate  of  five 
miles  per  hour,  by  Messrs.  Walker  and  Bastrick,  and  by  Messrs. 
Stephenson  and  Locke,  forty-five  tons,  conveyed  at  the  rate  of 
twelve  miles  per  hour. 

The  first  public  railway,  the  Stockton  and  Darlington,  was 
opened  in  the  year  1825  for  the  conveyance  of  coal,  minerals,  and 
passengers;  the  motive  power  first  employed  was  horses  and 
subsequently  locomotive  engines.  The  first  engine  which  ran  on 
this  railway  is  still  to  be  seen  in  front  of  the  station  at  Darling- 
ton. Since  that  period  malleable  iron  rails  have  been  universally 
used,  and  in  recent  years  steel  has  been  extensively  introduced, 
and  heavier  rails  have  been  laid.  On  the  Manchester  and  Liver- 
pool Bailway  the  weight  of  the  original  rails  laid  was  85  lbs.  per 
yard,  fofty  years  later  the  rails  employed  were  84  lbs.  to  the  yard. 

With  the  introduction  of  steam  and  railways  a  new  era  sprung 
up,  giving  a  marked  impetus  to  the  development  of  the  coal,  iron, 
and  other  industries  of  the  Empire.  This  is  well  illustrated  by 
the  rapid  extension  of  the  mineral  traffic  in  the  southern  parts  of 
the  county  of  Durham,  and  by  the  Stockton  and  Darlington  Bailway 
which,  as  previously  stated,  was  opened  in  the  year  1825.  Twenty 
years  later,  in   1845,   and  the  year  before  the  Witton  Park 
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Ironworks  were  opened,  the  total  quantity  of  minerals  carried, 
including  coal,  coke,  ironstone,  and  limestone,  amounted  to 
986,757  tons,  increased  in  the  following  year  to  948,111  tons ; 
five  years  later,  with  the  opening  of  the  Eston  Ironstone  Mines 
in  the  Cleveland  district,  of  the  North  Riding  of  Yorkshire,  the 
mineral  traffic  increased  one  hundred-fold,  giving  an  aggregate 
of:  1,859,207  tons,  and  in  1856  to  2,952,202  tons,  accounted  for 
in  the  following  items,  in  each  of  the  years  named : — 


Distribution. 

1851.                I               1856. 

Goals  and  coke  exported 
Coals  and  coke,  Landsale,  House- 
hold and  Iron  Works.        .     . 
Lime  and  limestone   . 
Ironstone 

Total     . 

Tons. 

441,352 

1,017,644 
279,607 
120,604 

1 
Ton8 

219,591 

1,557,624      i 
875,199 
299,788 

1,859,207 

2,952,202 

The  West  Hartlepool  and  Clarence  Railways,  in  like  manner 
showed  a  rapid  development  of  traffic  in  coal  and  coke  in  each  of 
the  years : — 


Years. 

Tons. 

Tods. 

1848 
1858 
1862 

Land  sale 
Export      .        .    . 

Land  sale 
Export     .        .    . 

Land  sale 
Export      .        .     . 

124,167 
411,130 

535,297 
1,175,764 
1,551,773 

1 

434,437 
741,327 

591,610 
960,163 

Previous  to  the  introduction  of  railways  and  canals  our  know- 
ledge of  the  detailed  distribution  of  coal  and  coke  is  often  imperfect. 
On  the  whole  the  following  may  be  regarded  as  generally  reliable, 
showing  the  quantities  sent  coastwise  and  exported ;  thus  in  the 
year  1602  the  total  quantity  thus  distributed  did  not  exceed  190,600 
tons ;  some  years  later  the  following  details  exhibit  the  extent  to 
which  the  coal  and  coke  of  this  coal-field  were  disposed  of: — 
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Year.                  Coastwise. 

Foreign. 

Total. 

1609 
1621 
1630 

Tods. 
224,435 
301,785 
253,380 

Tons.                               Tons. 

27,339                    251,774 
43,755                      345,540 
36,542           '          289,922 

For  the  next  century  and  more,  the  details  of  distribution  are 
somewhat  meagre.  In  the  year  1660  the  coal  and  coke  distributed 
amounted  to  537,000  tons ;  forty  years  later  the  quantity  did  not 
exceed  653,000  tons,  receding  in  1710  to  650,000  tons.  Not 
again  until  the  year  1750  do  returns  appear,  when  1,198,457  tons 
were  carried  coastwise  and  foreign ;  in  subsequent  years  accurate 
data  are  met  with  showing  the  distribution  of  the  fossil  fuel  of 
the  Great  Northern  coal-field. 


Year. 

Coastwise. 

Foreign. 

Tota]. 

Tons. 

Tonb. 

Tons. 

1791 

1,814,661 

264,944 

2,079,605 

1795 

2,251,547 

418,885 

2,670,432 

1800 

2,381,986 

138,089 

2,620,075 

1805 

2,426,616 

147,146 

2,573,762 

1810 

2,783,404 

50,922 

2,834,326 

1815 

2,717,509 

159,174 

2,876,683 

1820 

3,246,885 

158,340 

3,403,225 

1825 

3,309,386 

178,644 

3,487,930 

1835 

3,973,659 

494,485 

4,468,144 

1840 

4,517,103 

1,328,445 

5,845,548 

1845 

5,523,178 

1,784,988 

7,308,166 

1850 

6,295.570 

2,176,115 

8,471,685 

1855 

5,410,565 

2,822,856 

8,233,421 

1860 

6,360,051 

4,000,712 

10,360,763 

1865 

6,041,003 

4,637,759 

10,678,762 

1870 

5,414,266 

6,635,241 

12,049.607 

1875 

6,638,074 

6,519,671 

12,157,745 

1876 

5,785,720 

6,930,305 

12,716,025 

1877 

5,890,881 

6,226,720 

12,117,601 

1878 

5,830,501 

6,071,006 

11,901,507 

1879 

6,329.366 

6,514,012         1 

12,843.378 

1880 

6,349,003 

7,403,029 

13,752,032 

Beference  has  been  already  made  to  the  Stockton  and  Dar- 
lington Hallway,  opened  in  the  year  1825,  and  to  the  West 
Hartlepool  and  Clarence  Bailway.  These  lines,  and  others, 
have  long  since  been  absorbed  into  the  great  system  known  as 
the  North  Eastern  Railway,  which  possessed  at  the  end  of  1879 
a  total  length  in  main  line  and  branches  of  1,478  miles. 
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Since  the  year  1800,  the  figures  in  the  above  statement  show 
that  the  movements  of  coal  coastwise  and  to  foreign  countries  has 
increased  fivefold ;  in  the  year  1879  the  coal  was  shipped  firom 
the  following  ports  in  the  quantities  given  : — * 


1 

1             Ports  of  Shipment. 

Coastwise. 

Exported. 

Total. 

Tons. 

Tons. 

Tons. 

Newcastle 

2,650.773 

3,952,308 

6,603,081 

North  Shields  .        .     . 

135,345 

500,180 

635,525 

South  Shields 

239,287 

361,540 

600,827 

Sunderland               .     . 

2,657,505 

1,098,672 

8,756,177 

Stockton 

1,186 

— 

1,186 

Hartlepool       .        .     . 

602,216 

542.302 

1,144,518 

Middlesborough   . 

TotAlfl      . 

43,054 

59,010 

102,064 

6,329,366 

6,514,012 

12,843,378 

From  returns  furnished  hy  the  North-Eastern  Railway  the 
following  abstract  has  been  prepared,  showing  at  a  glance  the 
magnitude  of  the  traffic,  not  only  in  coal  and  coke,  but  also  of 
the  ironstone  carried  : — 


Year. 

CoaL 

Ironstone. 

Tons. 

Tons. 

1854 

2,571,064 

1856 

1,753,045 

245,998 

1858 

2,402,011 

259,617 

1860 

2,575,303 

260,388 

1862 

3,826,590 

408.979 

1864 

5,744,501 

1,700,879 

1866 

7,350,956 

1868 

7,357,266 

2,591,711 

1870 

8,999,784 

2,816,797 

1871 

10,089,217 

4,467,889 

1872 

10,486,168 

4,652,052 

1873 

10,792,280 

4,928,458 

1874 

10.689,846 

4,904,279 

1875 

11,032,299 

5,305,113 

1876 

10,635,438 

5,426,576 

1877 

10,439,768 

5,547,822 

1878 

9.907,829 

4,999,448 

1879 

9,320,511 

4,190,050 

1880 

1 

11,661,676 

5,785,724 

The  coal  and  coke  thus  carried  by  the  North  Eastern  Railway 
*  Parliamentary  Returns,  No.  216,  Session  2, 1880. 
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is  exclusively  the  produce  of  the  Durham  and  Northumberland 
coal*field.  This  is  distributed  for  local  consumption,  land  sale, 
and  also  employed  by  the  railway  company  for  their  ovm  use, 
in  and  over  the  main  line  and  branches,  and  in  those  districts 
traversed  by  the  railway  system  between  Berwick  and  Kelso  in 
the  north,  Carlisle  and  Tebay  in  the  west,  and  Leeds,  Knotting- 
ley,  Doncaster,  and  Altofts,  in  the  south. 

Other  railways  contribute  in  a  lesser  degree  to  the  distribution 
of  the  coal :  thus  the  Great  Northern  Railway  carried  the  follow- 
ing quantities  in  each  of  the  years  named ;  side  by  side  are  the 
quantities  carried  in  each  of  the  same  years  by  the  Fumess 
Railways  of  Durham  coke,  from  the  Stockton,  Darlington,  and 
other  districts  from  the  North  Eastern  Railway ; — considerable 
tonnage  being  also  conveyed  by  the  Midland,  and  Manchester, 
Sheffield,  and  Lincolnshire  Railways. 


1 

Yenr. 

Great  Northern  Railway. 

FuniesH  Railway. 

Tons. 

Tons. 

1869 

509,164 

330,374 

1870 

524,695 

371,559 

1871 

511,165 

3«8,098 

1872 

409,414 

426,057 

1873 

365,143 

489,305 

1874 

341,501 

532,435 

1875 

404,313 

474,336 

1876 

388,089 

474,653 

1877 

334,615 

579,569 

1878 

289,586 

551,878 

1879 

272,896 

555, 180 

1880 

210,083 

676,207 

Frieas  of  Coal  and  Cost  of  Froduotion. — In  the  year  1850 
the  coal  wrought  from  pits  varying  in  depth  from  750  to  1,000 
feet  cost  on  an  average  from  49.  9d,  to  5a.  per  ton  delivered  at 
pit's  mouth  ;  the  average  cost  per  ton  at  the  several  ports  of  ship- 
ment varying  according  to  distance  by  rail  from  5^;.  8d.  to  9^.  9d,, 
or  an  average  all  round  of  household  coals  of  78.  S^^d.  per  ton ; 
of  steam  coals,  6$.  8d.  per  ton,  the  highest  price  being  Is.  Sd., 
the  lowest  Ss.  9d. ;  gas  coals  ranging  from  Ss.  6d.  to  Is.  per  ton, 
the  average  being  6«.  1^.  per  ton ; — the  best  coking  coals  varj'- 
ing  from  5$.  9d.  to  6s.  9d.  and  78.  per  ton,  or  an  average  through 
and  through  of  6«.  d^d.  per  ton ;  and  blacksmith's  coal,  Gs.  Ifd. 
per  ton. 
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In  1860  the  coal  in  the  Newcastle  district  in  the  Tanfield 
collieries  cost  from  Ss.  to  8s.  6d,  per  ton  at  pit's  mouth,  the 
charges  for  conveyance  to  ports  of  shipment  a  distance  of  24 
miles  adding  2s.  per  ton  to  the  cost.  The  best  coals  of  the 
Hetton  district,  greatly  screened,  all  charges  of  labour,  rent,  &c., 
and  including  railway  charges,  IJd.  per  ton  per  mile,  delivered 
on  board  ship,  costing  from  IGs.  to  18a.  per  chaldron  of  53  cwts. 
The  average  price  of  the  several  varieties  of  Newcastle  coal, 
delivered  free  on  board,  in  1860,  being:  house  coals,  9s.  per  ton  ; 
steam  coals,  8s.  per  ton ;  and  gas,  coking,  and  manufacturing 
coals,  58.  6d.  per  ton.  The  fluctuations  to  which  the  Newcastle 
Wallsend  coals  have  been  subject  since  the  year  1861,  is  well 
shown  in  the  following  statement  of  all  sales  in  the  London  coal- 
market  in  each  year,  showing  the  highest,  lowest,  and  average 
price  per  ton : — 


Year. 


Average. 


Highest. 


«.  d. 

1861 

18  4 

1862 

15  7 

1863 

15  10 

1864 

17  10 

1865 

18  0 

1866 

17  9 

1867 

18  3 

1868 

15  9 

1869 

15  9 

1870 

16  3 

1871 

17  1 

1872 

23  0 

1873 

30  9 

1874 

23  2 

1875 

20  9 

1876 

19  6 

1877 

17  8 

1878 

16  6 

1879 

16  6 

1880 

14  11 

g.  (/. 

25  9 

19  0 
18  9 
22  0 

22  9 

20  6 

25  0 
18  3 

21  9 

20  6 

23  0 
29  0 
42  3 

26  6 

22  3 

23  0 

22  9 

21  9 

23  6 
18  5 


Lowest. 


«.  d. 

16  6 

13  6 

12  9 

14  9 

15  3 

15  3 

16  3 

14  0 

13  3 
13  9 

15  0 

18  0 
26  0 
20  3 

19  3 
15  6 
15  3 
15  0 
13  9 
13  6 


The  average  cost  is  further  increased  by  the  various  charges 
incidental  to  the  conveyance  of  the  coal, — ^from  the  ship  to  the 
shore,  and  thence  to  tlie  cellar  of  the  consumer, — adding  between 
5$.  and  6s.  per  ton  to  the  above  prices.  Bearing  on  the  subject 
of  labour,  miners'  wages,  and  arbitration  in  the  Durham  coal 
trade,  an  able  article  in  the  *'  Colliery  Guardian  *'  puts  the  subject 
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very  clearly.  The  writer  says :  "  Although  the  Durham  coal 
trade  has  not  been  exempt  from  strikes,  to  which  the  decrease  in 
price  is  generally  attributed,  the  adjustment  of  the  rate  of  miners' 
wages  has  on  the  whole  been  well  managed.  During  the  last  ten 
years  arbitration  has  been  resorted  to  from  time  to  time  when 
differences  arose  as  to  the  remuneration  of  labour ;  and  with  the 
ability  and  sound  judgment  which  Mr.  David  Dale  applied  to 
those  questiops  on  the  side  of  the  employers,  and  the  reason 
and  moderation  which  Mr.  Crawford's  salutary  counsels  gene- 
rally made  to  prevail  among  the  miners,  one  of  the  most  pros- 
perous, as  well  as  one  of  the  most  distressing  periods  in  the 
trade  has  been  tided  over  without  any  of  those  violent  disloca- 
tions or  prolonged  interruptions  which  in  former  years  inflicted 
serious  injuries  on  all  parties,  and  sometimes  threatened  to 
ruin  local  industry.  In  Durham  the  ten  years  under  review 
comprise  the  period  when  this  experiment  has  been  put  to  the 
severest  test,  and  the  history  of  the  fluctuations  that  have  taken 
place  in  miners*  wages  during  that  period  forms  one  of  the  most 
remarkable  chapters  in  the  records  of  the  coal-trade," — and  is 
thus  referred  to : — 

"  The  first  years  of  course  showed  an  upward  movement.  When 
the  great  rise  in  prices  began  in  1872,  there  was  a  general 
consensus  of  opinion  that  the  rates  current  in  1871  were  fair  and 
reasonable.  At  all  events,  whether  by  accident  or  by  merit,  they 
have  formed  the  basis  of  nearly  all  ihe  subsequent  movements. 
Previous  to  that  year  prices  had  shown  little  or  no  variation,  and 
the  collieries  then  worked  12^  hours  a  day ;  but  the  Coal  Mines 
Regulation  Act  that  came  into  operation  on  January  1,  1878, 
reduced  the  hours  to  eleven.  In  the  beginning  of  1872  the  prices 
of  coal  rose  so  rapidly  that  in  March  the  miners  obtained  an 
advance  of  20  per  cent,  in  wages  over  the  rate  current  in  1871. 
Prices  still  rising,  another  advance  of  18  per  cent,  was  granted  in 
July  of  the  same  year ;  and  in  February  of  1878  a  third  advance 
of  15  per  cent,  took  place,  so  that  within  twelve  months  the 
wages  were  58  per  cent,  more  than  in  1871.  That  maximum 
rate  continued  for  fourteen  months,  namely,  till  April,  1874, 
when  a  reduction  of  10  per  cent,  took  place.  The  next  reduction 
followed  in  October  of  the  same  year,  and  it  was  fixed  by  arbitra- 
tion at  9  per  cent.  Successive  reductions  of  5,  7,  and  6  per  cent. 
respectively  were  made  in  April,  1875,  February  and  September, 
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1876.  A  sliding  scale  was  then  adopted,  with  the  view  of 
regulating  wages,  according  to  the  certified  prices  of  coal  as 
ascertained  at  fixed  periods.  The  date  of  the  sliding  scale 
agreement  was  March,  1877  ;  and  it  was  found  that  the  prices  of 
the  previous  four  months  entailed  a  reduction  of  7  J  per  cent. 
When  the  last-named  reduction  took  place,  wages  were  about 
equal  to  what  they  had  been  in  1870  before  the  advances  began. 
By  the  sliding  scale  agreement  the  wages  now  reached  the 
minimum  provided  for ;  and  as  it  had  been  pre-arranged  that  it 
should  continue  binding  for  two  years,  the  wages  continued  at 
that  rate,  while  prices  continued  to  fall.  In  many  cases  local 
arrangements  were  made  between  masters  and  men  to  work  for 
less  wages,  rather  than  cease  working  altogether ;  but  there  was 
no  general  reduction  during  these  two  years.  In  the  sprlug  of 
last  year,  however,  steps  were  taken  to  eflfect  a  general  reduction 
as  soon  as  the  sliding  scale  arrangement  expired.  After  a  good 
deal  of  negotiation,  the  masters  reduced  their  first  demand  of 
20  per  cent,  to  15  per  cent.,  and  many  of  the  colliers  agreed  to 
this ;  but  others  strongly  objected,  and  this  led  to  a  general  strike 
throughout  the  country,  lasting  from  April  14  to  May  20 — ^five 
weeks.  The  matter  was  settled  by  arbitration,  which  resulted  in 
a  reduction  of  8f  per  cent.  The  coal  owners  claimed  a  further 
reduction  in  August  last  year;  and  by  arbitration  they  were 
awarded  IJ  per  cent.,  so  that  wages  were  thereafter  10  per  cent, 
less  than  they  were  in  1871." 

''  Another  sliding  scale  has  since  been  adopted,  and  it  differs 
from  the  previous  one  in  this  respect,  that  the  ratio  of  variation 
is  fixed,  but  is  interminable.  According  to  the  employer^'  in- 
formation the  miners  were  paid  48.  6d.  a  day  in  1870  for  an 
average  output  of  4*67  tons  of  coal,  and  4«.  8Jd.  in  1878  for  an 
average  output  of  4*02  tons,  being  a  decrease  of  16  per  cent,  in 
the  quantity  of  work  done  for  the  same  wages.'*  * 

Population  Employed  in  Coalrmines. — The  number  of  persons 
employed  in  coal-mining  in  these  two  northern  counties  in  the 
year  1852  was  respectively  29,600  men  and  boys  under  ground, 
and  7,900  above  ground,  giving  a  total  of  87,500  persons.  In 
the  year  1854  the  nxmiber  increased  to  88,801,  of  whom  28,265 
were  employed  in  Durham,  and  10,586  in  Northumberland.    The 

♦  "  Colliery  Guardian,"  vol.  xl.    "  Ten  Years'  Coal  Mining,"  Northumberland 
and  Durham,  pp.  331-2. 
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total  number  of  persons  employed  at  this  period  in  the  collieries 
of  Great  Britain  being  as  follows  : — 

No.  of  Persons. 

Enffland 147,070 

Wales 37,314 

Scotland 32,969 

Total         ....    217,353 


exclusive  of  females,  who  numbered  2,642 ;  of  these  38  were 
employed  in  Durham,  and  8  in  Northumberland.  According  to 
the  Census  returns  for  1861  the  number  of  male  coal  miners 
engaged  in  this  great  coal-field  and  Cumberland  was  58,584, 
increased  in  the  year  1864  to  67,538.  The  returns  in  subsequent 
years  give  the  following  as  the  number  of  persons  employed,  with 
the  output  of  coal,  from  which  is  deduced  the  average  output  per 
man  in  each  year : —  * 


Year. 

Persons 
Employed. 

Total  Colli  raised. 

Average  per 
man. 

Nos. 

Tons, 

Tons. 

1864 

57,538 

23,991,544 

417 

1865 

58,978 

24,591,333 

417 

1866 

61,367 

25,693,800 

418 

1867 

63,321 

26,447,500 

417 

1868 

69,000 

26,700,000 

372 

1869 

69.800 

27,296,000 

391 

1870 

75,100 

29,300,000 

390 

1871 

79,000 

30,476,000 

380 

1872 

84,300 

30,405,000 

360 

Comparing  the  results  of  the  year  1864  with  those  of  1872, 
when  the  number  of  persons  engaged  was  computed  by  the 
inspector,  each  in  his  own  district,  we  have  a  falling  oflF,  com- 
paring the  average  output  per  man,  of  57  tons  in  a  period  of  eight 
years.  When  the  Coal  Mines  Regulation  Act,  1872,  came  into 
operation,  the  numbers  employed  were  ascertained  with  more 
exactness  than  formerly,  and  appear  in  the  following  table, 
giving  the  output  of  coal  and  the  average  per  man,  showmg  a 
steady  increase,  amoimting  to  25  tons  per  man,  in  a  period  of 
six  years : — 

*  AocoTding  to  H.M.  Inspectors  of  Collieries  Reports. 
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Year. 

PERSONS  EMPLOYED. 

TotaL 

Coal  raised. 

Average 
per  Man. 

Under                Above 
Ground.            Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nob. 

79,358 
80,169 
81,913 
80,587 
79,066 
74,827 
72,138 
76,439 

Nos. 
21,184^ 
18,965 
20,225 
20,508 
19,562 
17,678 
17,471 
18,361 

Nos. 

100,542 

99,134 

102,138 

101,095 

98,628 

92,505 

89,609 

94,800 

Tons. 
29,742,617 
30,567,244 
32,324,145 
32,254,094 
31,415,225 
30,132,583 
28.788,974 
34,913,508 

Tons. 

296 

308 

316 

319 

318 

325 

321 

368 

Taking  the  year  1879,  when  the  total  number  of  persons 
employed  was  89,609,  the  reports  of  Her  Majesty's  Inspector 
give  the  following  classification  of  the  ages  of  those  engaged  in 
and  about  the  mines  : — 


All  Ages. 


Under  Ground.      Above  Ground,  i 


Total. 


From  12  to  13 
„  10  to  13 
„     13  to  16 

Above  16 

Total 


Nos. 
1,004 

6,495 
64,639 

Nos. 

289 
1,783 
15,399t 

Nos. 

1,004 

289 

8,278 

80,038 

72,138 

17,471 

89,609 

Besources  and  Probable  Duration  of  the  Durham  and 
Vorthnmberland  CoaL-field. — ^Adopting  4,000  feet  as  the  limit 
of  practical  depth  in  coal  working,  and  making  due  allowance 
for  loss  of  coal  destroyed  by  faults,  barriers,  and  waste  in 
working,  the  Commissioners  engaged  on  the  Royal  Coal 
Commission  (Mr.  Thomas  E.  Forster  for  the  Northumberland 
coal-field,  and  Sir  George  Elliot,  Bart.,  for  the  Durham  coal-field) 
give  the  following  estimates  as  to  the  available  coal  remaining  to 
be  wrought  in  this  Great  Northern  coal-field,  t 

Genesal  Summaby. 

Tons. 

Northumberland  Coal  Field  .  .  .  .  .  3,148,096,839 
Northumberland  Mountain  Limestone  District  .  .  665,180,007 
Durham 6,223,363,390 


Total 


10,036,640,236 


*  The  total  for  1873  includes  those  persons  employed  in  the  Cumberland  coal- 
6eld.  f  Including  8  females  aboye  16  years  of  age. 


t  Coal  Commission  Report,  vol.  i.  p.  20 — 26. 
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The  estimated  quantity  in  the  Northumberland  division  of  the 
coal-field  includes  the  under-sea  coal  amounting  to  403,200,000 
tons.  This  quantity  is  estimated  on  the  following  basis.  "  It  is 
supposed  that  from  the  river  Tyne  northward  to  Creswell,  a 
distance  of  20  miles,  four  workable  seams  of  coal  will  be  founds 
making  in  the  aggregate  14  feet  of  coal  over  an  area  of  40  square 
miles;  taking  the  extent  to  be  worked  seaward  at  two  miles  equal 
to  25,600  acres  x  14  feet  thick  x  1,500  tons  per  foot  per  acre,  and 
allowing  25  per  cent,  to  be  left,  the  above-named  quantity  will  be 
available,  namely,  403,200,000  tons." 

In  the  Durham  division  of  the  coal-field  amounting  to 
6,223,863,890  tons,  it  is  estimated  that  the  total  amount  of 
undersea  coal  available  is  2,284,509,005  tons,  and  in  all  these 
estimates  the  coal  seams  down  to  a  thickness  of  12  inches  have 
been  taken  into  account. 

Taking  the  production  of  the  year  1870  (27,613,589  tons)  as  a 
basis  of  computation,  364  years  would  bring  about  the  exhaustion 
of  this  coal-field.  Since  the  year  1870  the  total  output  of  the 
collieries  has  greatiy  increased,  amounting  in  the  aggregate  to 
302,878,849  tons ;  there  would  therefore  remain  in  the  year 
1880  available  coal  amounting  to  9,734,261,387  tons.  This 
quantity  at  the  average  production  of  the  ten  years  ending  1879 
(30,237,884  tons)  would  afford  supplies  for  322  years  to  come ; 
while  at  the  rate  of  production  in  the  year  1880,  amounting  to 
34,913,508  tons,  the  period  would  be  reduced  to  280  years. 


CHAPTER    II. 

THE    YORKSHIRE    COAL-FIELD. 

Description  of  Coal-field — Sheffield,  Leeds,  and  Bamsleji  &c.|  difitricts — Principal 
Coal  Seams — ^Analyses  of  Coals — Barrow  Silkstone  CoUieiy  near  Bamsley — 
Production  of  Coal  and  Distribution  by  Railway — Price  of  Coal  and  cost  of 
Production — Population  employed  in  Coal  and  Ironstone  Mining  since  1873 — 
Resources  and  probable  Duration  of  Coal-field  (including  Yorkshire,  Derby- 
shire and  Nottinghamshire). 

TIm  TorlDiliire  CoaL-field. — This  great  coal-field  occupies  a 
considerable  area  of  the  West  Siding  and  southern  parts  of 
Yorkshire,  and  with  its  extension  into  the  shires  of  Derby  and 
Nottingham,  has  a  known  area  of  about  800  square  miles,  its 
length  from  north  to  south  being  upwards  of  66  miles,  extending 
from  Bradford  and  Leeds  on  the  northern  boundary,  through 
Sheffield  to  Derby  and  Nottingham  on  the  south,  its  breadth 
varying  from  5  to  20  miles.  It  is  the  most  continuous  of  the 
coal-fields  of  Great  Britain  and  is  almost  entirely  exposed 
throughout  its  area,  its  eastern  margin  only  being  covered  by  the 
magnesian  Umestone  or  Permian  rocks.  Sheffield  occupies  the 
centre  of  the  coal-field,  and  in  a  section  of  4,500  feet  of  coal 
measures  15  seams  of  coal  occur,  each  seam  having  a  thickness 
exceeding  two  feet,  and  giving  a  total  thickness  of  46  feet  of 
vertical  coal,  while  of  the  numerous  seams  less  than  two  feet 
thick,  there  exists  a  vertical  section  equal  to  53  feet  of  coal.  In 
this  Chapter  only  that  part  of  the  coal-field  is  described  which  is 
contained  within  the  county  of  York. 

The  rocks  of  the  carboniferous  system  are  usually  divided  in 
the  centre  and  north  of  England  into  the  following  groups : — 


Upper  Courhoniferous 


'  Tipper  coal  measures. 
Ididdle  coal  measures. 
Lower  coal  measures. 
Millstone  grit. 


The  lowest  of  these  subdivisions,  the  Carboniferous  limestone, 
consists  over  the  greater  part  of  its  exposure  in  Yorkshire,  as  in 
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Derbyshire,  of  very  little  else  but  limestone.  Partings  of  clay  or 
shale  between  the  limestone  beds  occur ;  their  thickness  however 
is  inconsiderable  when  compared  with  the  whole  subdivision. 
The  limestones  are  for  the  most  part  thickly  bedded,  and  com- 
paratively free  from  earthy  or  sandy  admixture.  Towards  the 
top  of  the  carboniferous  limestone,  the  limestone  beds  become 
thinner  and  more  earthy,  and  the  shale  partings  grow  more 
numerous,  and  a  passage  takes  place  into  the  next  subdivision, 
the  Yoredale  Rocks.  This  group  consists  largely  of  dark  shale, 
and  beds  of  limestone  and  sandstone.  These  latter  are  usually 
thinly  bedded,  and  more  or  less  earthy,  frequently  passing  into 
calcareous  shales. 

The  Millstoiie  Grit  consists  of  sandstones  thick  and  coarse, 
the  individual  beds  showing  much  irregularity,  although  there 
are  groups  of  sandstone  which  maintain  considerable  persistency 
over  large  areas.  The  coals  here  found  are  few  in  number,  for 
the  most  part  thin  and  of  poor  quality,  and  with  one  or  two 
exceptions  singularly  local. 

The  Lower  Coal  Measures  next  occurring  contain  a  few 
seams  of  coal  of  no  great  thickness  and  of  poor  quality,  but  an 
improvement  upon  those  seams  met  with  in  the  Millstone  Grit. 
The  sandstones  of  the  lower  coal  measures,  though  important 
rocks,  are,  as  a  rule,  neither  so  coarse  nor  so  thick  as  the  massive 
gritstones  of  the  group  below.  It  is  in  the  lower  coal  measures 
that  the  hard  seat-stone,  known  as  ^'Ganister,"  occurs  most 
abundantly,  although  it  is  not  altogether  absent  from  the  Mill- 
stone grit,  and  the  middle  coal  measures.  "  Ganister "  is 
described  as  a  highly  silicious  rock,  which,  when  ground  down 
and  mixed  in  some  cases  with  powdered  fire-brick,  or  similar 
materials,  forms  one  of  the  best  fire-resisting  materials  known. 
Ganister  is  found  almost  exclusively  in  the  lower  coal  measures, 
and  generally  forms  the  seat  of  a  bed  of  coal.  Professor  Green 
referring  to  this  rock,  says,  "  There  is  one  bed  known  as  the 
'  Halifax  Hard '  or  Ganister  Coal,  beneath  which  Ganister  is 
almost  always  present ;  and  the  seat  stone  of  this  seam  is  not 
only  moie  constant  in  its  occurrence^  but  is  usually  regarded  as 
of  better  quality  than  the  Ganister  of  other  horizons." 

The  IKiddle  Coal  Measures  are  alike  remarkable  for  the 
number  and  thickness  of  the  coal  seams,  and  the  excellent 
quality  of  their  coals.     The  sandstones  of  this  division  are  finely 
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grained,  and  not  so  thick  as  the  sandstones  of  the  two  groups 
below ;  they  are  also  much  less  persistent,  and  can  seldom  be 
traced  continuously  for  more  than  a  few  miles. 

The  Upper  Coal  Measures  consist  mainly  of  sandstones  and 
shales  of  a  deep  red  colour.  They  also  contain  thin  limestones, 
and  although  coal  seams  are  not  absent  they  are  neither  so 
numerous  nor  so  valuable  as  those  of  the  middle  coal  measures. 

With  this  brief  sketch  of  the  Carboniferous  rocks,  drawn  from 
"The  Geology  of  the  Yorkshire  Coal-field"*  extending  from 
Sheffield  in  the  south,  to  Leeds  in  the  north,  the  next  point  to 
consider  will  be  the  order  of  occurrence  of  the  principal  coal 
seams  in  some  of  the  more  important  localities  within  the  area. 

Analyses  of  Chvnisters  and  Underdays. — These,  as  the 
name  implies,  usually  form  the  seat  of  a  seam  of  coal,  but  under- 
days do  occur  without  any  coal  seam  over  them.  There  is 
usually,  however,  if  coal  be  absent,  a  seam  of  highly  carbonaceous 
black  shale  above  an  underclay.  Analyses  of  these  Ganisters  and 
underclays  by  Mr.  J.  W.  Westmoreland,  formerly  of  the  Bowling 
Iron  Works,  give  the  following  results : — 

Shipley  FmECiAY  beneath  Halifax  Hard  Bed. 

Silica 57-45 

Alumina *     .  35*28 

Peroxide  of  iron 4*53 

Titanic  acid 1*21 

lime trace 

Magnesia 1*00 

Potash -58 

Moistare -10 

Qieldin's  Ganister,  fbom  Flaintsees  BoAn,  kear 

Laistbbdyee  Station. 

Silica 96*55 

Alumina  . 1*59 

Peroxide  of  iron  with  some  titanic  acid         .        .        .        .  -71 

Lime -18 

Magnesia       ....                'ly 

Water So 

Potash -53 

This  Ganister  is  of  very  good  quality  and  is  used  for  making 
■**  holes  "  for  crucible  steel,  and  forms  the  seat  of  the  Better  Bed 
■Coal. 

♦  By  Profegsor  A.  H.  Green,  R.  RusseU  and  others.  ("  Geological  Survey 
Memoir,"  p.  20.) 
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Another  seat  stone,  raised  at  the  Bowling  Colliery,  also  the 
seat  of  the  Better  Bed  coal,  gives  on  analysis  the  annexed 
results : — 

Sflica 81-25 

AlnTniTift. 8'16 

Peroxide  of  iroa  with  titanic  acid 4*01 

lime     ...........  '67 

Magnesia *46 

Potash 1-90 

Water 3-90 

fiETTEB  Bed  FiBE-GLAY.      BoWUXO  FnUB-BBIOK. 

Silica 68-12 

Alumina 26-69 

Peroxide  of  iron 2-00 

Titanic  add '87 

Xiime 1*15 

Magnesia *59 

Potash 1*17 

Water -20 

In  the  northern  part  of  the  Yorkshire  coal-field,  a  comparative 
section  of  the  lower  coal  measures  discloses  the  following  seams  of 
coal  and  intervening  strata  in  the  neighbourhood  of  Leeds,  in  a 
line  from  Royds  House,  by  North  Moor  House,  to  Heaton  Hall, 
in  a  section  of  570  feet  from  the  Blocking  coal  to  the  Better  Bed 
coal.* 


Stmta. 

Tbickness. 

Total  Depth. 

Bkxiking  Bed  Coal  .... 
Measures 

Ft.    In. 

2     0 

117    0 

Ft.    In. 

Upper  Lonsey  Coal 

Measures 

2    6 
67    6 

121    6 

Lower  Lousey  Coal 

Measures 

0  10 
10    2 

189    0 

Sandstone  (Oakenshaw  Bock)  . 
Measures 

120    0 
120    0 

320    0 

Black  Bed  Coal       .... 

2    3 

442     3 

Measures 

126    0 

Better  Bed  Coal      .... 

1    6 

569    9 

The  Black  Bed  coal  is  soft,  friable  and  dull  in  appearance ;  it 
bums  to  a  red  ash,  of  which  it  contains  about  1*5  per  cent.   The 


*     14 


Gteology  of  Yorkshire,"  p.  202. 
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seam  furnishes  a  second-class  house-coal,  and  is  largely  employed 
locally  as  an  engine  coal.  As  a  soft  coal  for  producing  gas  it 
yields  from  4,000  to  5,000  cubic  feet  to  the  ton,  and  a  large 
proportion  of  gas  tar. 

South  of  Leeds  the  Middle  Goal  measures  are  illustrated  in  a 
section  at  Emley  Moor,  between  the  Blocking  coal,*  and  the 
Joan  coal,  of  541  feet ;  distinguishing  the  thickness  of  the 
seams  and  the  intervening  measures,  as  follows : — t 


strata. 

Thickness. 

Total. 

Measures 
Joan  Coal 

Measures 
Flocfdon  Thick  Coal 

Measures 

Emley  Kock     . 

Measures     . 
Flockton  Thin  Coal . 

Birstal  Bock 
Coal  First  Brown  Metal  . 

Measures     . 
Old  Hards  Coal 

Measures     . 
Coal  Third  Brown  Metal . 

Measures     . 
Cfreen  Lane  Coal 

Measures     . 
New  Hards  Coal 

Measures     . 
Three-qiuirter  Coal  . 

Measures 

Falhouse  Bock 
Blocking  Coal 

•         •     • 

:  ■ ! 

Ft.    In. 

2  0 
64    6 

3  6 
15    5 
26    7 
11    0 

1  3 
83    8 

24  7 

2  0 

25  9 

0  8 
42    5 

1  2 
71  10 

2  3 
47     6 

2  7 
83  6 
33    9 

1     5 

Ft    In. 

• 

70    0 

112    0 

124    3 
207  11 

232    6 

234    6 

260  11 

303    4 

.  304     6 

378    7 

423    7 
612     1 

641     6 

The  Flockton  Thick  Ooal  given  above  as  8  feet  G  inches  thick, 
has  a  seam  of  clay  6  inches  thick  passing  through  it. 

The  other  important  coals  occurring  before  the  Warren  House 
seam  {  is  reached  are  the  following :  the  Haigh  Moor,  Swallow 
Wood,  or  NethertoTi  Thin  Coal ;  the  Top  Haigh  Moor  Coal,  or 
Netherton  Thick  Coal,  and  the  Twenty-seven  Yards  Coal  band. 
These  coals  are  absent  in  this  district  but  are  found  at  Kippax 
and  elsewhere.  The  Warren  House  Coals  occurring  above,  being 
represented  in  the  Wakefield  district  by  the  Bamsley  Bed. 

*  The  Blocking  coal  in  the  north  corresponds  in  position  with  the  Silkstone  in 
the  south,  and  is  the  lowest  of  the  Middle  Coal-measure  coals, 
t  "  Geology  of  Yorkshire,"  p.  363. 
4:  The  et^nivalent  of  the  Barnslej  coal  in  the  south,  aa  regards  horizon. 
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In  the  southern  part  of  the  Yorkshire  coal-field  the  great  seam 
is  that  of  Bamsley.  This  bed  so  far  exceeds  in  thickness  and 
value  any  other  of  the  known  seams,  with  the  exception  of  the 
Silkstone,  that  practically  these  are  the  only  two  coals  that  are 
wrought,  and  till  they  are  exhausted  no  other  seams  are  likely  to 
be  touched,  except  to  a  small  extent  for  local  consumption.  The 
Bamsley  bed,  according  to  the  authors  of  the  "  Yorkshire  Coal- 
Field,"  *  derives  its  great  value  from  the  fact  that  a  portion  of 
the  seam  is*  semi-anthracitic,  hard,  or  '^  Steam  *'  coal,  admirably 
adapted  for  use  on  locomotives,  in  steam-vessels,  and  for  iron 
smelting,  on  account  of  its  high  heating  power.  This  portion 
of  the  bed  is  made  up  of  alternating  layers  of  dull  and  bright 
coal;  the  former  being  probably  of  a  semi-anthracitic  and  the 
latter  of  a  more  bituminous  character.  This  mixture  does  away 
with  the  difficulty  in  lighting,  which  is  one  of  the  drawbacks 
attending  the  use  of  pure  anthracite,  and  at  the  same  time  allows 
of  a  per-centage  of  carbon  high  enough  to  give  great  heating 
power.  The  hard  coal,  it  is  observed,  occurs  in  the  middle  of  the 
seam,  the  upper  and  lower  portions  being  soft  or  bituminous,  and 
extensively  used  as  a  house  coal. 

The  annexed  section  of  strata  in  the  Bamsley  district  gives 
the  respective  thickness  of  the  several  beds,  from  the  magnesian 
limestone  to  the  millstone  grit : — f 

STRATJL  .    THICKIIBSS. 

PL  In. 

Magn«9ian  Limestone 75    0 

Lower  Permian  Sandstone 54    0 

Bed  Bock  of  Botherham     ...  ...      

Strata 0  to  100    0 

Pontefract  Book 100    0 

Strata      .        .                70    0 

AckworthBock 54    0 

Strata 510    0 

ShafUmCwd 5    0 

Strata 393    0 

Muck  Cixd 8  10 

Strata 219    0 

Woodmoor  Coal 3    0 

Strata  with  Half  Yard  Goal 45    0 

Winter  Coal 4    0 

Strata 

Beanuhaw  Coal SO 

Strata  with  Elent  Ck>al 10 

Mapple  Ck>al  (inferior  quality)  ....  4    6 

Strata 216    0 

*  Piofeasor  Green,  Mr.  BoBiell  and  others,  p.  382. 

t  The  Ber.  Wm.  Thorpe's  **  Diagram  of  Yorkshire  Strata.** 


'^ 
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8TKATA. — continued.  THICKNXSSb 

Ft.  In. 

Barwdey  Coal 9  S- 

Strata 198  0 

BuhjUow  Wood  Coal 3  0 

Strata 234  0 

Joan  Coal 2  0 

Strata 60  0 

FlockUm  Top  Coal 3  J 

Strata 120  0 

ParkgaU  Coal 5  0 

Strata 78  0 

Thorndiffe  Thin  Coal 2  6 

Strata 123  0 

Four  Foot  Coal  (variable) 2  6 

Strata 108  0 

SUkstone  Coal 5  0 

Strata 195  0 

Whin  Moor  or  Low  Moor  Coal 2  6 

Strata about  150  O 

Flagstone about  36  0 

Strata  principally  sbaleB 495  0 

Halifax  Coal  (with  Pecten  papyraceus  in  roof  and  a  floor  of 

Ganiflter] 19 

Strata  (shales  and  flags) 81  0 

Halifax  Soft  Coal 16 

Strata 150  0 

Millstone  Qiit. 

The  *'  Blocking  Bed  Coal"  previously  referred  to,  is  the  lowest 
coal  seam  in  the  Middle  Coal  measures  :  it  corresponds  in  posi- 
tion with  the  Silkstone  Coal  and  is  taken  to  be  its  representative^ 
"The  *  Silkstone  Coal/"  says  Professor  Green,*  "is  perhaps 
the  most  highly  prized  of  the  seams  of  the  Yorkshire  Ooal-field* 
Where  at  its  best  it  is  bituminous,  very  pure,  and  has  the  highest 
reputation  as  a  house  coal.  Very  little  of  it  is  offered  for  sale 
in  the  district  in  which  it  is  raised,  the  bulk  being  sent  to  the 
London  market.  The  *  Smalls  *  are  washed  and  converted  into 
coke  of  excellent  quality."  A  section  of  the  Silkstone  seam 
south  of  Sheffield  and  the  adjoining  part  of  Derbyshire,  at  the 
Benishaw  Colliery,  by  Mr.  Appleby,  is  as  follows  t : — 

STRATA.  THICKNI88. 

Boof  Coal 06to07 

Dii-t 0    2    „  0    & 


JTop 


Coal  .        .        .    0  11    ,.  1     1 


Hard  Steam  Coal 
Bright  Qas  Coal 

Dirt     .        ..        .        .        .        %        ..00i„04 

Bottom  Coal 1    6    „  2    0 

Dirt 1    3    „  1    6 

Low  Coal 1    9    „  2    0 

♦  •*  Yorkshire  Coal-field,"  p.  229.  f  Ihid.  p.  229. 
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Axkalyses  of  Torkshire  Coal. — The  Bamsley  '^  Three  Yard 
Seam,*'  worked  at  Ho^'land  Colliery,  described  as  being  "  very 
hard,  durable,  and  excellent  for  steam  purposes,"  varies  in  thick- 
ness from  7  feet  6  inches  to  8  feet,  and  is  extracted  at  a  depth  of 
180  yards  from  surface.  The  sample  examined  very  much 
resembled  siliciiied  wood  in  structure,  consisting  of  broad  layers 
of  a  brownish  colour,  with  alternate  bands  of  a  bright  jet-like 
substance.  In  the  use  of  this  coal,  it  was  observed  that  the  best 
results  were  obtained  when  a  moderately  quick  draft  was  employed. 

'^Bamsley  Coal,*'*  raised  from  Earl  FitzwiUiam's  colliery  at 
Elsecar,  from  a  depth  of  154  yards,  usually  has  a  thickness  of 
9  feet,  and  is  extensively  employed  in  the  various  u'onworks  in 
the  immediate  neighbourhood  of  the  mine.  It  very  much  re- 
sembles the  Three  Yard  seam,  but  is  very  much  brighter,  and 
contains  more  iron  pjrrites. 

"  Bamsley  Coal,  Park  Gate  Colliery** — This  colliery  is  situated 
near  the  village  of  Bawmarsh;  the  seam  varies  in  thickness  fr*om 
6  feet  8  inches  to  8  feet,  but  the  average  is  about  7  feet  6  inches, 
and  the  coal,  like  the  two  former,  is  largely  employed  in  the 
locality  in  the  manufacture  of  iron.  The  above  examples  of  the 
Bamsley  coal  on  examination  show  the  annexed  constituents  *:— 


Constitaents. 

Banisley 
Three-yard. 

EIsecAr 
Nine-feet. 

Park  Gate 
Seven-feet. 

Carbon    . 

Hydrogen  . 

Nitrogen 

Sulphur              .     . 

Oxygea  . 

Aflh 

Specific  gravity 
Coke  per  cent.    .    . 

80-05 
4-93 
1-24 
106 
8-99 
3-73 

81-93 
4-85 
1-27 
•91 
8-58 
2-46 

80.07 
4-92 
2-15 
Ml 
9-95 
1-80 

100-cOO 

100-00 

100-00 

1-317 

1-296 

1-311 

62-50 

61-60 

61-70 

Numerous  analyses  are  available  of  coals  extensively  worked  in 
the  Bamsley  district.  The  following  complete  series  of  six 
samples  of  coal  showing  the  gaseous  constituents,  and  chemical 
composition,  are  however  selected  and  show  the  important 
character  of  the  seams  wrought : — 

^  Reports :  Cool  raited  to  the  Steam  Navy,  1851.    Appendix,  Third  Report,  p.  55. 
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Constituent. 

Worabwell 
Main. 

Darfield 
Main. 

Oaks. 

Klaecar. 

Majsbro' 
Park. 

EdmundH 
Main. 

Carbon     . 
Ilydrogen    .    . 
Oxygen    . 
Nitrogen      .     . 
Sulphur   . 
Ash      .        .     . 

80-500 
6-600 
6-205 
1-862 
1-833 
4100 

81-390 
6-600 
7-451 
1-496 
2-100 
2-063 

82-520 
5-025 
6-91,5 
2-120 
1-144 
2-276 

81-300 
5-190 
8-210 
1-890 
1-210 
2-200 

82-190 
5-173 
8-144 
1-730 
1-637 
1-226 

82-190 
6-080 
8-243 
1-728 
1-447 
1-312 

100-000 

100-000 

100-000 

100-000 

100-000 

100-000 

The  specific  gravity  and  yield  per  cent,  of  coke  of  each  of  the 
above  is  as  follows : — 


Goals. 

specific  gravity. 

Coke  per  cent. 

Wombwell  Main    . 

1-266 

63-130 

Darfield  Main    .        .     . 

1-270 

63-188 

Oaks      .... 

1-270 

65-520 

Elsecar      .... 

1-290 

62-000 

Masbro'  Park 

1-268 

63-640 

Edmunds  Main .        .    . 

1-270 

63-280 

The  chemical  composition  of  the  ash  of  the  same  series  of  coals 
appears  in  the  annexed  statement : — 


ConatitaentB. 

Wombwell 
Main. 

Darfield 
Main. 

Oaks. 

Elsecar. 

Maabro' 
Park. 

Edmnnds 
Main. 

Silica        , 
Alumina          } 
Oxide  of  Iron ) 
Lime   .        . 
Magnesia . 
Sulphuric  Acid. 

18-97 

43-04 

16-87 

4-90 

1616 

21-69 

43-86 

20-68 

1-93 

11-81 

31-630 

62-340 

1-902 
0-900 
2-820 

37-060 

52-390 

3-266 
2-450 
4-572 

33-18 

63-63 

3-35 
1-11 
8-71 

32-413 

46-900 

7-000 
6-690 
7-271 

99-94 

99-87 

99-592 

99-738 

99-98 

99-274 

Other  important  seams  met  with  in  the  colliery  of  the  Barrow 
Hematite  Company,  now  in  course  of  development  at  the  Barrow 
Silkstone  Colliery,  about  four  miles  from  Bamsley,  occur  in  the 

following  descending  order,  and  thickness : — * 

Ft.  In. 

Swallow  Wood  Coal 3  0 

Joan  Coal 2  0 

FarkgaU  Coal 4  0 

Flockton  Coal 2  3 

Thomdiffe  Coal 4  4 

StlJestone  Coal 6  6 

♦  "  Mining  Jomrnal,"  Feb.  14,  1880,  p.  178. 
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The  last-named  seam  occurs  at  a  depth  of  481  yards  from  the 
surface,  and  61  yards  below  the  ThomcMe  seam ;  it  is  described 
as  a  rather  tender  coal^  with  about  6  inches  of  dirt  in  the  middle, 
and  a  first-class  coal  for  coking  and  gas  making  purposes,  whilst 
the  top  portion  of  the  Thomcliffe  seam,  in  particular,  is  well 
adapted  for  steam  and  household  purposes,  being  very  hard. 
The  Parkgate  seam  is  said  to  be  inferior  ^to  the  Silkstone.  The 
chemical  compositions  of  the  Silkstone  coals  are  as  follows  : — 

PvESULTs  Tabulated. 

Carbon 80*46 

Hydrogen oOS 

Nitrogen 1*67 

Oxygen 6-80 

Sulphur 1-65 

Aflh         .         • 3-30 

MoistoTO 1*04 

10000 

These  results  show  that  this  coal  is  equal  to  any  found  in  the 
district;  possessing  a  high  illuminating  power  and  yielding 
upwards  of  11,000  cubic  feet  of  gas  per  ton,  and  when  coked 
gives  12  cwt.  of  coke  to  the  ton  of  coal,  equivalent  to  60  per 
cent.  The  Silkstone  coal  raised  at  the  Hoyland  Collier}"^,  and 
examined  by  Mr.  Baynes,  the  public  analyst,*  showed  the  same 
constituents  as  the  foregoing,  while  as  regards  its  illuminating 
power,  it  was  found  that  taking  a  number  of  candles  (each 
burning  120  grains  of  sperm  per  hour),  required  to  yield  an 
amount  of  light  equal  to  a  burner  consuming  5  cubic  feet  of  gas 
per  hour,  corrected  to  a  temperature  of  60°  Fahr.,  and  a  baro- 
metrical pressure  of  80  inches,  the — 

Average  of  three  experiments  was 17*10 

The  number  of  cubic  feet  of  gas  yielded  by  each  ton  of  coal      1 1  *650 
Weight  of  illuminating  matter  per  ton  ot  coals  in  pounds 

of  sperm 663*02 

Volatile  matter  per  cent 35*52 

Coke  per  cent. 64*48 

Coke  yielded  by  one  ton  of  Coals         .        .        .12  cwts.  Sqrs.  16lb8. 

This  coal  is  also  extensively  coked,  and  is  in  good  demand  in 
the  steelworks  of  Sheffield,  where  it  is  largely  employed. 

The    coals  raised  in  the  Normanton  district  at  Whitwood 

*  Bamalej. 
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Colliery,*  suited  alike  for  gas  manufacture  and  for  general  heat- 
ing purposes,  show  the  following  results.  The  analyses  were 
made  by  Mr.  Wm.  Carr,  of  the  Halifax  Corporation  Gas  Works, 
who  describes  the  samples  as  of  '^  Silkstone  Brights  Gas  Coals  " 
and  "  Silkstone  Hards."  The  mineralogical  character  of  the  gas 
coals  is  thus  referred  to  ;  **  Colour : — bright,  black,  and  shining. 
Streak : — dull,  containing  slight  deposit  of  shale.  Fracture  :— 
smooth  and  glossy,  containing  thin  deposit  of  carbonate  of  lime. 
Cross  fracture : — ^irregular,  apparently  free  from  iron  pyrites  ; 
hard,  compact,  and  cohesive.  On  the  fire  it  intumesces  and 
slightly  agglomerates.  Colour  of  ash: — ^reddish  grey.'*  The 
analyses  of  the  two  varieties  are  as  under : — 

Silkstone  Brights  Gas  Coal. 


First. 

Second. 

Volatile  matter 

Pixed  combustible  matter    .     . 

Aflh 

Water  (expeUed  at  2l2'»  Fahr.) 

Specific  graTity 

38-54 

58-68 

2-23 

0-55 

33-34 

62-67 

3  44 

0-55 

100-00 

100-00 

1-268 

1-268 

Weight  of  a  cubic  foot         .     . 

79-15  lbs. 

79-15  lbs. 

The  results  arrived  at  by  a  practical  analysis  appear  in  the 

annexed  details. 

Eesults  Tabulated. 


First. 


Becoiul. 


Purified  gas  per  ton  of  coal . 

(Bar.  30",  ther.  60") 
Illuminating   power    of    gas 

standard  burner 
Yalae  of  illuminating  matter 

per  ton  of  coal  in  sperm    . 
Hydro-carbons  in  gas 
Carbonic  oxide    . 
Carbonic  acid  . 
Sulphuretted  hydrogen 
Tar  produced  per  ton  of  coal 
Liquor         .... 
Strength  of  ammoniacal  liquor 
Coke  produced  per  ton 
Ash  in  Coke 


10.949  cu.  feet 

684-25  lbs. 

4-25% 
8-50% 
3-00% 

1-75% 
200- lbs. 

136-25  lbs. 

5**  Twaddle 

1362-5  lbs. 

3-84  % 


11-166  cu.  feet 

697-90  lbs. 

4-00% 
9-25% 
2-00  % 
1-00% 
106-25  lbs. 
293-75  lbs. 

3°  Twaddle 
1481-25  lbs. 
4-24% 


*  Messrs.  Hy.  Briggs  &  Co.,  Limited, 
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The  aboTe  results  are  the  mean  of  four  tests  in  each  analysis, 
and  show  the  coal  to  be  of  first  class  quality  for  heating  purposes. 

The  **  Silkstone  Hards  Coal "  is  thus  described  and  reported 
upon  by  the  same  analyist : — * 

MiNERALOOICAL  ChAILACTERS. 

OOLOTTB : — ^Bright,  black,  and  Bhining. 

Stbbak: — ^Irrregular,  dull  black,  containing  thin  deposit  of  amorphous 

carbon. 
Practtube  : — Smooth  and  glossy,  containing  thin  deposit  of  carbonate  of 

lime. 
CaosB  FaAGTiTiiE : — ^Xrregular  and  slightly  conchoidcJ,  apparently  free  from 

iron  pyrites  and  wale— massive,  compact,  and  cohesive.     On  the  fire 

it  splatters  slightly,  intumesces,  and  agglomerates. 
CoLOim  OF  Ash  :  — flight  grey. 
Specific  OBAvrrY :— 1  '304  ( Water=l  •000)  weight  of  one  cubic  foot  81  '40  lbs. 

* 

Chemical  Aitalysis. 

Yolatile  matter 31*67  per  cent. 

Fixed  combustible  matter 65'd7        ,, 

Ash 1-95        „ 

Water  (expelled  at  212**  Fahr.)          ....  -81        „ 

100-00 

Fbaotical  Analysis. 

Purified  ^  per  ton  of  coal  (Bar.  30",  Ther.  60"*} .  10-654  cubic  ft. 
Ulnminating  power  (Standard  burner)  .  18*64  sperm  candlee 
Value  of  illuminating  matter  per  ton  of  coal,  in  sperm,  680*88  lbs. 
Coke  produced  per  ton  of  Coal  (13  cwt.  2  qr.)  .  .  1  '512*5  lbs. 
Afih  in  coke 3*33  per  cent. 

The  above  results  are  the  mean  of  three  tests  and  shew  the  coal  to  be  of 
excellent  quality  for  heating  purposes  (the  per  centage  of  ash  being  very 
low,  and  Vie  quantity  of  &ed  combustible  matter  yery  high)  and  of  fair 
quality  for  gas  purposes. 

Production  of  Coal  in  the  Torkshire  Coal-field. — ^Tt  appears 
incidentally  from  an  inquiry  made  of  the  quantity  of  coals  con- 
veyed by  canals  and  railways  in  different  parts  of  the  kingdom 
in  1816,  that  the  quantity  carried  in  and  from  Yorkshire  amounted 
to  2,568,626  tons;  from  Derbyshire,  942,218  tons;  and  from 
Nottinghamshire,  494,665  tons,  or  an  aggregate  of  4,000,509  tons 
from  the  coal-field  extending  through  the  above-named  counties. 
Bat  little  information  showing  the  development  of  the  coal  re- 
sources of  Yorkshire  is  obtainable  until  1854 ;  the  shipments, 
however,  from  the  several  ports  of  Yorkshire,  show  a  great  in- 
crease,  and  prove  the  rapid  extension  of  coUieiy  operations 

♦  Mr.  W.  Carr,  of  Halifax. 


44 


COAL   AND   IRON  INDUSTRIES. 


[part  V 


Thus,  between  the  years  1819  and  1830  the  total  shipments  of 
coal,  from  the  Yorkshire  coal-field,  did  not  exceed  248,812  tons, 
increased  to  1,042,843  tons  between  1835  and  1840,  and  to 
2,273,049  tons  between  1841  and  1850.  In  the  year  1854  the 
total  output  of  the  West  Riding  coal-field  was  7,260,500  tons ; 
the  produce  of  the  respective  districts  being  as  under  : — 

DISTRICTS.  TONS. 

Lee^s 2,040,000 

Bradford 1,000,000 

Wakefield 700,000 

Huddersfield 300,500 

Bamsley 1,250,000 

Halifax 350,000 

Boiherliam 520,000 

Sheffield 050,000 

Dewsbury 450,000 

Total 7.260.500 


In  subsequent  years  the  number  of  collieries,  and  output  of 
coals  was  as  follows  : — 


Year. 

Number  of 
CoUieries. 

Coal  raised. 

Year. 

Number  of 
Collieries. 

Coal  raised. 

Tons. 

Tons. 

1855 

333 

7,747,470 

1868 

441 

9,740,510 

1856 

399 

9,083,625 

1869 

413 

10,829,827 

1857 

374 

8,875,440 

1870 

416 

10,606,604 

1858 

383 

8,302,150 

1871 

423 

12,801,260 

1859 

383 

8,247,100 

1872 

441 

14,576,000 

1860 

387 

9,284,000 

1873 

491 

15,311,778 

1861 

397 

9,374,000 

1874 

521 

14,812,515 

1862 

418 

9,255,500 

1875 

523 

15,425,278 

1863 

415 

9,402.500 

1876 

562 

15,055.275 

1864 

420 

8,809,600 

1877 

539 

15,952,400 

1865 

434 

9,355,100 

1878 

526 

15,581,970 

1866 

447 

9,714,700 

1879 

525 

16,024,249 

1867 

454 

9,843,575 

1880 

490 

17,468,536* 

Previous  to  the  year  1871  the  quantities  of  coal  raised  in  the 
several  districts  of  Yorkshire  were  separately  ascertained,  show- 
ing the  industrial  progress  of  each  district.  As  these  are  now  no 
longer  published  the  returns  for  1860  and  1870  will  serve  to 
show  the  progress  between  these  two  years. 


Beport,  H.  M.  Inspector  of  Mines. 
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Districts. 

I860. 

1870. 

Collieries. 

Coal  raised. 

Collieries. 

Coal  raised. 

Nob. 

Tons. 

Nob. 

Tona. 

Leeds  .... 

81 

1  2,459,500 

96 

2,414,750 

Normanton      .        .     . 

2 

5 

902.450 

Bradford 

54 

1,250,500 

48 

670,500 

Huddersfield    .        .     . 

61 

355,000 

26 

135,286 

Bamsley 

42 

2,430,000 

44 

2,250,750 

Halifax    .... 

30 

375,000 

29 

89,750 

Wakefield     . 

36 

820,000 

47 

1,125,700 

Rotherham               .     . 

20 

493,000 

24 

1,140,000 

Sheffield 

29 

651,000 

35 

975,750 

Dewsbory                .    . 

26 

\ 

31 

514.877 

Penistoiie 

5 

6 

20,660 

Pontefract                .     . 

4 

■     450,000 

6 

296,440 

Bingley 

Saddleworth  and  Settle 

4 

5 

32,500 

3 

4 

2 

14,036 

Holmfirth    . 

Total    . 

«  •  • 

12 

23,145 

387 

9,284,000 

416 

10,606,604 

The  increase  in  the  production  of  1870  as  compared  with  I860, 
amounts  to  1,822,604  tons,  which,  divided  over  the  ten  years, 
exhibits  an  increase  of  182,000  tons  per  annum,  a  quantity  un- 
important compared  with  the  returns  of  recent  years.  When, 
however,  between  the  years  1871  and  1872  a  great  demand  for 
coal  arose  throughout  the  country,  the  coal  owners  of  Yorkshire 
at  once  met  the  industrial  requirements  by  an  increased  pro- 
duction amoimting  to  1,774,740  tons  over  the  output  of  1871 ;  and 
again  in  1873  an  increase  of  736,778  tons  over  the  preceding 
year,  the  demand  being  satisfied  a  falling  off  appears  in  1874, 
amounting  to  499,263  tons,  since  which  year  a  steady  increase  is 
exhibited  amounting  in  1879  to  1,211,734  tons  over  the  output  of 
1874,  equivalent  to  an  increase  of  nearly  nine  per  cent.  The 
details  of  production  of  the  Yorkshire  coUieries  are  as  follows  for 
the  year  1874. 

DDTBICTS.  TONS. 

Bamsley 3,145,150 

Bradford 695,450 

Dewsbury 455,620 

Halifax,  Uuddersfield,  &c 186,150 

Leeds  and  Normanton 4,250,000 

Botherbam 2,525,500 

Sheffield  and  Wakefield 2,595,520 

Smaller  districts 959,225 

Total 14,812,615 
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BAilway  DistribntioiL. — The  total  quantities  of  coal  carried 
from  the  Yorkshu*e  coal-field  over  the  Midland  Kailway  system 
in  the  year  1854  was  212,009  tons,  increased  to  868,288  tons  in 
the  year  1856.  During  the  next  few  years  the  total  quantities 
carried  were  as  under : — 


Tear. 

Quantities. 

Year. 

Qoantities. 

Tons. 

Tons. 

1857 

344,580 

1863 

563,665 

1858 

271,808 

1864 

687,124 

1859 

390,876 

j     1865 

438,444 

1860 

483,693 

1866 

968,600 

1861 

495,211 

1867 

1,028,353 

1862 

536,318 

1868 

1,136,539 

The  great  influence  exercised  hy  the  Midland  Railway  in  the 
movement  and  distribution  of  coal,  appears  in  the  gross  total 
carried  from  all  districts,  amounting  to  2,625,751  tons  in  the 
year  1857,  increased  to  6,822,494  tons  in  1868. 

Since  and  during  1869  the  quantities  carried  by  this  system 
over  their  own  lines  and  that  passed  over  to  other  companies  for 
conveyance  will  be  found  in  the  annexed  statement : — 


Year. 

MIDLAND  RAILWAY. 

Total  carried. 

Own  lines. 

Passed  to  other  lines. 

1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Tons. 
1,246,022 

1,382,808 
1,503,650 
1,637,746 
1,872,312 
1,497,738 
1,605,600 
1,540,432 
1,732,009 
2,086,952 
2,199,S92 
2,408,650 

Tons. 
140,553 
177,693 
177,243 
122,856 
108,611 
102,117 
215,572 
204,409 
217,798 
349,311 
321,328 
298,961 

Tons. 
1,386,575 
1,560,501 
1,680,893 
1,760,602 
1,980,923 
1,599,855 
1,821,172 
1,744,841 
1,949,807 
2,436,263 
2,521,220 
2,707,611 

The  North-Eastem  Railway  carried  from  Yorkshire  collieries 
for  consumption  at  places  on  their  system,  and  to  Hull  and  Selby 
for  shipment,  the  following  quantities  : — 
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Year. 

Quantities.          ' 

Yeiir. 

Quantities. 

Tons. 

Tons. 

1854 

338,777 

1868 

606,689 

1855 

278,288 

1869 

675,378 

1856 

287,144 

1870 

866,422 

1857 

357,656 

1871 

1,064,407 

1858 

341,375 

1872 

1,134,542 

1859 

334,835 

1873 

1,067,651 

1860 

412,097 

1874 

1,105,021 

1861 

403,825 

1875 

1,231,248 

1862 

391,097 

1876 

1,240,645 

1863 

361,859 

1877 

1,318,887 

1864 

456,320 

1878 

1,344,318 

1865 

469,080 

1879 

1,455,895 

1866 

527,887 

1880 

1,583,942 

1867 

581,708 

A  small  proportion  of  the  above  coal  is  derived  from  Lancasliire, 
but  it  is  not  possible  to  distinguish  the  quantities,  while  of  the  coal 
thus  carried,  from  60  to  70  per  cent,  is  used  for  manufacturing,  and 
household  purposes. 

The  Manchester,  Sheffield,  and  Lincolnshire  Bailway  Company 
are  also  great  carriers  of  Yorkshire  coal.  The  extent  of  the  traffic 
will  be  understood  from  the^  statement  below,  showing  the  re- 
spective quantities  carried  from  the  West  Biding  and  from  South 
Yorkshire,  with  the  total  weight  since  the  year  1867  : — 


Year. 

West  Riding. 

South  Yorkshire. 

Total  WeiRht. 

Tons. 

Tons. 

Tons. 

1867 

686,739 

1,531,142 

2,217,881 

1868 

665,890 

1,498,356 

2,164,246 

1869 

752,291 

1,549,216 

2,301,057 

1870 

948,600 

1,679,443 

2,628,043 

1871    ' 

1,069,967 

2,090,600 

3,160,567 

1872 

1,127,956 

2,441,683 

3,569,639 

1873 

1,208,859 

2,475,088 

3,683,947 

1874 

1,233,044 

2,421,638 

3,654,682 

1875 

1,258,498 

2,788,466 

4,046,964 

1876 

1,111,089 

2,600,070 

3,711,159 

1877 

1,047,861 

3,052,577 

4,100,438 

1878 

1,030,464 

3,067,239 

4,097,703 

1879 

1,059,589 

3,494,690 

4,554,279 

1880 

1,104,661 

3,597,637 

4,702,298 

The  Great  Northern  Railway. — The  total  of  coal  and  coke 
carried  from  collieries  in  Yorkshire  in  the  year  1864  by  this 
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system  was  212,327  tons,  increased  to  474,348  tons  in  1856,  and 
688,743  tons  in  1857.  Since  the  year  1860,  the  quantities  carried 
from  the  South  Yorkshire  and  West  Riding  districts  are  as 
follows : — 


Year. 

South  Yorkshire. 

VfMt  Riding 
of  Yorknhira. 

Total  carried. 

TODB, 

Tons. 

Tons. 

1860 

409,623 

9,893 

419,516 

1862 

634,865 

62,604 

687,469 

1866 

497,418 

412,829 

910,247 

1867 

626,219 

465,888 

1,082,107 

1868 

621,739 

400,783 

922,522 

1869 

470,140 

425,578 

895,718 

1870 

651,348 

443,261 

994,609 

1871 

801,504 

490,571 

1,292,076 

1872 

874,620 

680,068 

1,664,688 

1873 

862,139 

635,097 

1,497,236 

1874 

753,162 

577,048 

1,330,210 

1875 

848,551 

691,145 

1,639,696 

1876 

719,183 

706,656 

1,425,739 

1877 

835,883 

740,073 

1,675,956 

1878 

755,808 

865,570 

1,621,378 

1879 

989,554 

971,236 

1,960,790 

1880 

863,575 

971,074 

1,834,649 

The  Lancashire  and  Yorkshire  Eailway  in  the  year  1869  carried 
from  the  Yorkshire  coal-field  1,023,261  tons,  increased  in  the  year 
1880  to  1,751,510  tons ;  the  respective  quantities  for  each  of 
the  intervening  years  : — 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1866 

805,429 

1876 

1,843,924 

1869 

1,023,261 

1877 

1,750,308 

1872 

1,359,835 

1878 

1,765,380 

1873 

1,870,452 

1879 

1,806,752 

1874 

1,756,586 

1880 

1,751,510 

1875 

1,851,639 

The  London  and  North  Western  Railway,  in  the  year  1859, 
carried  119,985  tons  of  coal  from  Yorkshire,  and  in  1865, 
167,780  tons ;  since  1867  the  total  quantities  carried  have  been 
as  under,  that  passed  over  to  other  lines  for  conveyance  being 
distinguished  from  the  quantities  conveyed  to  main  line 
stations : — 
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,      Year. 

1 

Conveyed  over 
Main  Line. 

Passed  over  to 
other  lines. 

Total  carried. 

Tons. 

,               Tons. 

Tons. 

1867 

151.270 

32,104 

183,374 

1868 

166,911 

29,821 

196,732         i 

1869 

175,416 

67.080 

232,496         i 

1870 

160.848 

42,367 

203,205 

1871 

166,623 

41,339 

207,962 

1872 

219,991 

6,116 

225,107          1 

1873 

1S2,211 

31,861 

224,072 

1874 

179,231 

52,797 

232,028 

1875 

217,911 

60,795 

278,706         : 

1876 

207,543 

60,096 

267,639          1 

'     1877 

193,240 

76,547 

269,787 

1878 

173,874 

76,891 

250,765 

1879 

177,355 

74,100 

251,455 

1880 

157,643 

79,005 

236,648 

Coals  Bliipped  Coastwue  and  Szported  to  Foreign  Countries.— 
Previous  to  the  jear  1850  there  was  an  export  duty  on  all  coal 
exported  in  foreign  ships;  coals  to  foreign  countries  and  our 
colonial  possessions  in  British  ships  being  free  of  duty.  In  the 
year  1835  the  quantity  of  coal  sent  coastwise  from  the  Yorkshire 
ports  of  Hull,  Goole,  and  Grimsby  was  129,197  tons ;  that  sent 
to  foreign  countries  being  11,977  tons,  or  a  total  movement  of 
141,174  tons  compared  with  1,480,465  tons  in  the  year  1880,  of 
which  146,670  tons  was  shipped  coastwise,  and  1,883,795  tons  to 
foreign  countries.  The  shipments  were  as  follows  in  each  of  the 
years  named :— 


Tear. 

1 

i                                          SHIFHKirTS. 

1 

Tntitl 

CoMtwiae. 

Foreign. 

IOhU. 

TODB. 

Tons. 

Tona. 

1835 

129,197 

11,977 

141,174 

1840 

159,3-15 

32,892 

192,237 

1845 

195,742 

49,355 

245,097 

1850 

165,889 

50,862 

216,751 

1855 

117,698 

71,461 

189,159 

1860 

133,425 

249,633 

382,058 

1865 

172,726 

381,070 

553,796 

1870 

186,501 

505,139 

691,640 

1875 

194,751 

945,594 

1,140,345 

1876 

172,360 

1,023,157 

1,195,517 

1877 

156,577 

1,021,551 

1,178,128 

1878 

128,100 

1,046,556 

1,174,656 

1879 

169,334 

972,769 

1,142,103 

1880 

146,670 

1,333,795 

1,480,465 

K 
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Throughout  the  foregoing  returns  showing  the  distribution  of 
coal,  the  produce  of  Yorkshire,  a  great  increase  appears,  though 
not  in  the  same  proportion  as  in  other  coal-fields ;  the  following, 
showing  the  respective  quantities  carried  by  railway,  &c.,  in  each 
of  the  years  1870  and  1879,  will  indicate  the  increase  in  the 
periods  referred  to : — 


Distaribation. 
By  Rail  and  Sea. 


Midland   .        . 
North-Eastem     . 
Manchester,  Sheffield  and  Lin- 

oolnshire 
Great  Northern  . 
London  and  North  Western 
Lancashire  and  Yorkshire  , 
Coastwise 
Exported     .... 


1879. 
Quantities. 


1870. 
Qnantities. 


Total 
Incroaae. 


Tona. 
2,521,220 
1,455,895 

4,554,279 

1,960,790 
251,455 

1,806,752 
169,234 
972,769 


Tons. 
1,560,501 
866,422 

2,628,043 

994.609 
203,205 
1,023.261 
186,501 
505,139 


Tons. 
960,719 
589,473 

1,926,236 

966,181 

48,250 

783,491 

450,363 


The  aggregate  of  Yorkshire  coal  carried  by  the  above-named 
railways  in  1879  was  13,692,394  tons,  agamst  7,967,681  tons  in 
the  year  1870,  showing  an  increase  in  the  movement  of  coal  of 
6,724,718  tons,  equivalent  to  70  per  cent.,  and  this  is  exclusive 
of  the  increase  of  coal  carried  by  canals,  the  early  returns  of 
which  are  not  available  for  comparison  with  those  of  recent  years. 

Price  of  Coal  and  Cost  of  Production. — Twenty  years  ago, 
in  the  Bamsley  district,  the  cost  of  getting  coal  varied  from  4«. 
to  6«.  per  ton.  The  selling  price  at  the  pit's  bank  varying 
according  to  the  character  of  the  coal : — "  The  Bamsley  Bed  "  at 
this  period  selling  from  4«.  6d.  to  7«.  per  ton ;  the  Bamsley  Softs,  or 
House  Coals,  from  4«.  6d.  to  68. ;  "  Hards,"  or  Steam  Coal,  from 
6«.  to  78. ;  "  the  Silkstone  Bed  "  commanding  a  higher  price, 
from  6«.  to  8«.  per  ton.  Ten  years  previously,  in  1851,  the 
average  selling  price  of  coals  per  ton  at  the  pit's  mouth  in  York- 
shire varied  from  7».  per  ton  for  ordinary  coals  to  8«.  4d.  for  best 
household  coals.  In  Sheffield  the  prices  ruling  at  the  wharves 
were  as  follows  per  ton : — 

S,      a. 

Picked  coal  for  steel  making 10  0 

House  coal 7«.  6<2.  to  8  4 

Engine  coal.        . 6  0 

Hard  coke  for  steel  smelting 15  6 

an  additional  charge  of  from  8d.  to  Is.  per  ton  being  added  for 
cartage. 
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In  1870  prices  exhibited  bnt  little  yariation  compared  mXb. 
1860.  The  Bamsley  "Hards"  were  selling  for  Is.;  House 
Coal^  68. ;  Engine  Coal^  4$.,  and  Slack,  la.  6d.  per  ton ; — ^the 
best  coals  of  Bradford,  at  Bowling,  being  quoted  at  9s.  per  ton, 
and  Seconds  at  7s.  6(2.  and  5s.  In  the  Leeds  district  the  best 
coals  varied  from  8s.  to  9s.  6d.  per  ton ;  the  Seconds,  from  5s.  to 
7s.  6d.,  and  Slack,  from  2s.  to  2s.  9d.  per  ton.  During  the  years 
1871  to  1878  prices  rose,  due  in  a  measure  to  the  demand  but 
more  especially  to  the  operation  of  the  Coal  Mines  Regulation  Act, 
which  took  effect  about  that  time.  Since  that  date,  however, 
prices  have  fluctuated,  and  in  1878,  1879,  and  1880  the  following 
may  be  generally  regarded  as  average,  highest,  and  lowest  prices 
of  coal  and  slack  at  the  pit's  mouth  in  the  Yorkshire  collieries : — 


Year. 

Coal  and  Slack. 

Average. 

Highest 

Lowest. 

«.     d. 

a      d. 

8.     d. 

1678 

Goal  (per  ton) . 

8     0 

10    6 

6    0 

Slack      „          .    . 

4    0 

5    4 

2    6 

1879 

Goal        ,, 

7    9 

14    0 

6    0 

Slack      „           .    . 

4    4 

5  10 

2    0 

1880 

Goal        „ 

8    0 

11     0 

6    0 

Slack      ,,           .    . 

4    6 

6    0 

2     0 

In  respect  to  wages,  it  has  been  generally  observed  that 
colliers  in  Yorkshire  have  been  better  paid  than  in  other  coal- 
fields. It  is  not,  however,  so  easy^to  give  an  exact  account  of  the 
variations  in  the  cost  of  production,  as  in  Yorkshire  payment  is 
usually  made  by  the  ton  of  coal  raised,  instead  of  by  the  day, 
and  as  the  seams  are  of  varying  qualities  and  thickness  the  rate 
varies  in  different  districts  and  in  different  seams.  It  is  a  fact, 
however,  that  the  rate  rose  as  quickly  and  as  much  in  Yorkshire 
as  in  any  other  coal-field  during  the  prosperous  years  of  1871 — 73. 
In  the  last-named  year  there  were  instances  in  which  the  colliers 
were  getting  exactly  150  per  cent,  more  for  their  labour  than  in 
1868 ;  but  these  were  extreme  cases.  In  1871,  which  is  taken 
generally  as  a  fair  basis  of  comparison,  certain  collieries  paid 
Ss.  Id.  per  ton  for  the  labour  of  raising  the  coal ;  that  rate  rose 
in  1872  to  6s.  Id.,  and  in  1873  it  reached  7s.  Id.  The  latter 
extreme  rate  only  lasted  a  short  time.     The  average  maximum 
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would  be  more  accurately  stated  at  6a.  5d.,  an  increase  of  over 
80  per  cent.  When  wages  were  at  that  high  pitch,  there  were 
undoubted  instances  in  which  some  of  the  most  industrious  and 
efficient  colliers  made  as  much  as  five  pounds  per  week.  In 
South  Yorkshire,  about  the  middle  of  1879,  the  wages  of  miners 
averaged  58,  9d.  a  day,  or  27a.  a  week  for  hewers,  while  in  Dur- 
ham at  the  same  time  the  average  rate  was  4a.  2d.  a  day.* 

Population  Employed  in  Coal  and  Ironrstone  Mining. — 
The  total  number  of  persons  of  all  ages  engaged  in  the  York- 
shire coal-field  in  the  year  1854  was  22,194 ;  of  these  21,080  were 
employed  in  coal  mining,  and  1,164  in  iron-stone  mining.  The 
census  for  1861  gives  the  number,  including  all  employed  in  and 
about  the  mines,  as  81,938,  the  quantity  of  coal  raised  the  same 
year  amounting  to  9,874,600  tons,  giving  an  average  yield  of  293 
tons  per  man.  It  was  not,  however,  until  the  year  1878  that 
the  exact  number  of  persons  employed  was  ascertained  under  the 
clauses  of  the  "Coal  Mines  Regulation  Act,  1872."  It  will, 
however,  serve  for  comparison  to  note  the  inspector's  returns 
previous  to  1873,  which  give  the  aggregate  number  of  persons 
employed,  together  with  the  quantity  of  coal  raised  in  each  year, 
and  the  average  yield  per  individual : — 


Year. 

Persons  employed. 

Coal  raised. 

Average 
per  Man. 

Nob. 

Tons. 

Tons. 

1861 

31,938 

9,374,600 

293 

1864 

34,500 

9,300,000 

270 

1865 

35,000 

9,300,000 

266 

1866 

35,500 

9,450,000 

266 

1867 

37,000 

9,850,000 

266 

1868 

37,000 

9,705,000 

262 

1869 

36,000 

10,893,000 

302 

1870 

36,500 

11,545,000 

316 

1871 

38,600 

12,801,260 

331 

1872 

51,056 

14,576,000 

285 

Comparing  the  average  produce  per  man  in  1872  with  1871>  a 
falling  off  appears  of  46  tons,  due  to  the  greater  number  of 
persons  employed  in  the  year  1872;  this  is  explained  by 
Mr.  Frank  N.  WardeU,  the  inspector  of  the  district,  in  his 
evidence  given  before  the  "  Select  Committee  on  Coal,  1873,**  t  in 

*  "  CJolUcry  Gaardian,"  1880,  p.  382. 

t  Report  ^Select  Committee  on  Goal,  1873,  p.  32,  Qaestion  687. 


CHAP.  II.] 


THE  YORKSHIRE  COAL-FIELD. 


S3 


reply  to  a  question :  "  But  do  you  know  whether  this  increase 
has  been  chiefly  or  entirely  of  men  working  under  ground,  or  of 
men  working  above  ground?"  "IbeUeve  that  this  return  of 
persons  employed  which  has  been  given  to  me  this  year  is  a  very 
much  more  accurate  one  than  has  ever  been  given  before,  and  for 
this  reason,  that  the  return  which  is  now  required  by  this  new 
Act  of  Parliament  embraces  every  single  person,  man  and  boy, 
employed  about  the  mine,  from  the  face  in  the  pit  to  the  staiths 
outside ;  and  I  believe  there  are  thousands  that  I  have  had 
returned  to  me  this  year  who  were  never  returned  in  any  shape 
or  form  before." 

In  the  year  1878,  for  the  first  time,  it  was  ascertained  that  the 
total  number  of  persons  employed  in  the  collieries  of  Yorkshire 
was  57,528;  of  these  45,828  of  all  ages  were  engaged  under 
ground,  and  11,695  above  ground,  their  ages  being  distinguished 
as  follows.  In  the  same  year  491  mines  were  in  operation, 
raising  coal,  fireclay,  and  ironstone. 


Ages. 

Under  Orotmd. 

Above  GrooncL 

From  10  to  12 

„     10  to  13   . 

„     12  to  13 

„     13  to  16   . 
Above  16        .        .        . 

Total    .... 

Nofi. 
837 

li846 

6,807 
36,338 

N06. 

374 
10* 

a  •  • 

712t 
10,699t 

45,828              11,696 

The  total  of  minerals  wrought  in  the  coal-field  in  1878  amounted 
to  15,695,249  tons,  made  up  of  coal,  15,811,778  tons ;  fire-clayi 
149,180  tons;  and  ironstone,  284,841  tons,  giving  an  average  of 
mineral  wrought  to  each  person  employed  of  278  tons.  The 
number  of  persons  employed  under  ground,  and  above  ground, 
and  of  the  minerals  wrought  in  each  year  since  1878,  appear  in 
the  following  table,  together  with  the  average  yield  of  mineral 
per  person,  amounting  in  the  year  1880  to  295  tons.| 

*  Including  8  females. 

t  Including  15  females. 

t  Reports  of  H.M«  Inspectors  of  Mines, 
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The  distribution  of  labour  in  Yorkshire  shows  more  than 
ordinary  uniformity  throughout  the  depression  of  recent  years* 
Since  1878,  the  average  production  per  man  has  only  once  shown 
any  notable  variation.  This  falling  off  in  production  occurred 
in  the  year  1874,  when  4,976  persons  were  employed  in  excess  of 
the  previous  year,  the  output  of  coal  being  484,465  tons  less. 
The  cause  is  thus  explained.  In  the  previous  years  of  scarcity 
there  was  a  great  demand  for  more  labour  at  the  collieries,  and  it 
was  not  till  1874  that  that  demand  was  satisfied.  It  was  met 
however  by  the  influx  of  all  sorts  of  unskilled  labour.  Artisans 
and  labourers  from  other  trades  were  attracted  by  the  high  rate 
of  wages  offered  and  flocked  to  the  collieries ;  but  they  were  neces- 
sarily less  efficient  than  a  corresponding  number  of  trained  hands 
would  have  been.  Some  eighteen  months  or  two  years*  experience 
are  considered  necessary  to  make  an  efficient  collier,  and  hence 
we  find  that  in  Yorkshire  the  anomalous  state  of  the  colliery 
labour  that  prevailed  in  1874  did  not  continue. 

The  actual  output  per  man,  due  to  the  different  positions  and 
thickness  of  the  coal-seams  in  different  collieries  show  great 
variations.  In  some  of  the  best  coUieries  of  the  district  the  actual 
output  per  man  has  been  as  high  as  500  tons  per  annum,  in  others 
it  has  not  exceeded  190  tons.  In  addition  to  the  difference  of  the 
character  of  the  coal  worked,  the  number  of  days  which  the  men 
worked  also  affects  their  actual  output.  In  some  districts  the 
collieries  have  been  known  to  work  double  the  time  of  others. 

During  the  year  1879  there  were  24  new  pits  being  sunk  in 
Yorkshire;  most  of  them  being  near  Leeds  and  Sheffield,  there 
being  only  one  or  two  new  sinkings  near  Bamsley. 

Of  the  persons  employed  in  Uie  year  1879  in  the  Yorkshire 
coal-field,  the  following  statement  will  show  their  respective  ages : — 


Ages. 

Under  groaiid.      Above  ground. 

From  10  to  12 

„      10  to  13  . 

„      12  to  13 

„      13  to  16  . 
Above  16       .        .        . 

Total               .    . 

N08. 

250 

•  •  • 
769 
5,503 
41,805 

Noe. 

•  •  • 
118 

•  •• 
848 

10,783 

48,327 

11,760* 

*  Inclading  eleven  females  employed  above  ground. 
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Beaonrces  and  Probable  Duration  of  the  Midland  Coal- 
Field. — The  coal-fields  of  South  Yorkshire,  Derbyshire,  and 
Nottinghamshire  comprise  a  part  of  the  Midland  coal-field.  The  late 
Mr.  J.  T.  Woodhouse,  a  member  of  the  Royal  Coal  Commission, 
to  whom  was  entrusted  this  enquiry,  has  arrived  at  the  following 
results.     The  acreage  of  the  coal-field  being  divided  as  under : — 


Name  of  District. 


Outside  the  Permian 
Midland  . 
Midland  deep  coal 

Proved  Sub- Permian 
Midland  . 
Midland  deep  coal 

Total  acreage  . 


Total  Acreage.      ■  Acreage  Uiiwroiight. 


Acrea. 

6,039,615 
265,590 

1,523,396 
141,555 


7,970,156 


Acres. 

5,856,948 
265,590 

1,519,517 
141,555 

7,783,610 


The  quantity  of  coal  estimated  as  originally  existing  in  the 
coal-field,  all  necessary  deductions  being  made  for  coal  which 
cannot  be  worked  by  reason  of  its  being  left  for  boimdary  pillars, 
faults,  broken  groimd,  waste  in  working,  &c.,  gave  a  total  of 
83,768,362,814  tons,  the  quantity  remaining  unwrought, 
82,721,198,832  tons,  and  the  net  tonnage  remaining  and  avail- 
able for  future  supplies,  18,406,799,443  tons. 

The  details  of  these  quantities  apportioned  in  districts  are  as 
under  :* — 


Name  of  Diatrict. 


Outside  the  Permian 
Midland 
Midland  deep  coal 

Proved  Sub^Permian 
Midland    . 
Midland  deep  coal . 

Total   . 


TONTJAGE. 


Total  estimated 
toiiiinge. 


suni]  tion. 


Tons. 


Tons. 


Tons. 


24,714,936.964   23,693,839,102    13,327,784,524 


747,285,800 

7,801,543,230 
504,596,820 


745,285,800         420,348,320 


7,777,477,110     4,374,830,886 
504,596,820         283,835,713 


33,768,362,814  '  32,721,198,832    18,406,799,443 


*  Beport  Coal  CommiBsion,  vol.  i.,  p.  31. 


CHAP.  II.] 


THE   YORKSHIBE   COAL-FIELD. 


57 


It  is  only  necessary  to  add,  that  the  tonnage  estimates  are 
made  on  the  assumption  that  each  cubic  foot  of  coal  weighs 
80  lbs.,  which  equals  within  a  fraction  a  yield  of  1,536  tons 
per  foot  thick  per  statute  acre,  and  that  the  depths  considered 
in  the  estimates  of  coal  yet  available  for  consumption,  are 
3,000  feet,  and  in  the  case  of  the  Midland  deep  coal,  from 
3,000  feet  to  a  depth  not  exceeding  4,500  feet. 

Following  the  consumption  of  coal  during  the  ten  years  ending 
1879,  some  interesting  results  appear  regarding  the  production 
of  the  Midland  coal-field  during  the  decade  ;  the  total  output 
increasing  from  17,824,241  tons  in  the  year  1870,  to  27,728,861 
tons  in  the  year  1879. 

That  an  estimate  may  be  arrived  at  of  the  probable  exhaustion 
of  the  coal  area  embracing  Yorkshire,  Derbyshire,  and  Notting- 
hamshire, the  resources  of  which  are  given  above,  the  annexed 
statement,  showing  the  annual  production  in  each  area  of  the 
coal-field  during  the  past  ten  years,  will  afford  the  necessary  data 
for  the  computation : — 


V««r 

UmLAKD  COAL  AREA. 

ICBT* 

Yorkshire. 

Derbyshire. 

Nottinghamshire. 

ToUI. 

Tons. 

Tons. 

Tons. 

Tons. 

1870 

10,606,604 

6,102,266 

2,116,372 

17,824,241 

1871 

12,801,260 

6,360,000 

2,469,400 

20,630,660 

1872 

14,676,009 

♦6,700,000 

*2,660,000 

22,926,000 
24)^61,778 

1873 

16,311,778 

*6,260,000 

♦2,800,000 

1874 

14,812,616 

7,160,670 

3,127,750 

26,090,836 

1876 

16,425,278 

7,091,326 

3,260,000 

26,766,603    ' 

1876 

16,066,276 

7,026,360 

3,416,100 

26,496,726 

1877 

16,692,400 

6,976,660 

3,895,750 

26,463,700 

1878 

16,681,970 

7,190,000 

4,107,350 

26,879,320 

1879 

16,024,249 

7,460,370 

4,249,242 

27,723,861 

j    Total 

146,787,329 

66,296,430 

32,079,964 

243,162,723 

Glancing  at  the  total  production  of  this  great  coal-field  in  the 
ten  years  ending  1879,  amounting  to  248,162,728  tons,  the  relative 
proportion  of  output  appears  as  follows : — ^Yorkshire,  60  per  cent. ; 
Derbyshire,  27  per  cent.,  and  Nottinghamshire,  13  per  cent. ; 
while  as  regards  the  output  in  1879  compared  with  1870  an 


*  Ertinmted  production. 
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increase  appears  equivalent  to  65  per  cent.  Notwithstanding  the 
resources  of  this  coal-field  it  is  quite  clear  they  are  being  rapidly 
utilized.  For  example,  at  the  rate  of  production  in  1870 
(17,824,241  tons),  supplies  would  be  available  for  1,088  years* 
Deducting  the  production  of  the  past  ten  years  from  the 
original  estimate,  there  yet  remain  18,168,686,720  tons  for 
future  supplies,  to  depths  exceeding  4,000  feet  after  making 
the  necessary  deductions. 

KIDIAHD  COAL  FIILD.  T0V8. 

Original  quantity  available 18,406,799,443 

Ten  yeanr  produce  ending  1879         ....         243,162,723 

Total  available  1880     .        .     18,163,636,720 


Arguing  from  these  data,  and  taking  the  production  of  1879 
as  a  basis  (27,723,861  tons),  the  resources  would  be  exhausted 
in  665  years  hence ;  taking  the  average  of  the  past  ten  years, 
(24,316,272  tons),  747  years  would  be  the  limit.  The  total 
exhaustion  may,  however,  be  expected  at  a  much  earlier  period, 
seeing  that  the  production  during  the  past  decade  has  increased 
to  the  extent  of  55  per  cent. 

H.  M.  Inspector's  returns  for  1880  give  the  production  of  this 
great  coal-field  as  follows : — 

TOKS. 

Yorkshire 17,468,536 

Derbyshire 7,903,834 

NottingWnshire 4,432,393 

Total 29,804,763 


Showing  an  increase  over  the  previous  year  of  2,080,902  tons, 
and  giving  609  years  hence  as  the  period  of  the  exhaustion  of 
this  coal  area. 


CHAPTEE    III. 

CUMBERLAND   AND   WESTMORELAND    COAL-FIELDS. 

Description  of  Camberland  Coal-field — Strata  and  Coal  Seams  in  Whiteharen  and 
Workington  Districts — ^Analysis  of  Coal — Prices^  Production,  and  Distribution 
by  Railway,  Coastwise  and  Exported — Population  employed  in  Coal  Mining — 
Resources  and  Probable  Duration  of  Coal-field — Westmoreland  Coal-field — 
Population  Employed  and  Coal  Raised. 

Tlie  CumlHirlftnd  Coal-field. — The  total  length  of  this  coal- 
field is  twenty  miles,  and  its  greatest  width,  which  occurs  at 
Workington,  nearly  five  miles.  The  coal  measures  in  this  area 
attain  a  thickness  exceeding  2,000  feet,  the  middle  division  con- 
taining seven  and  the  lower  four  workable  seams  of  coal,  those 
latter  being  thin  and  inferior. 

Many  of  the  seams  in  the  middle  measures  are  of  considerable 
thickness  and  regularity ;  these  seams  will  be  recognised  in  the 
accompanying  section  of  strata  at  Whitehaven.* 

THIOKHIBS. 
Feet 

strata 432 

Yard  band 3 

Strata 30 

Coal 2^ 

Strata  (with  a  coal  seam) 78 

Bannock  Band 8  to  9 

Strata 60 

Main  Band 6  to  11 

Strata 240 

Low  Bottom  Goal 4 

Again,  in  the  Workington  district  the  following  seams  are 
met  with : —  thiokniss. 

Ft    In.  Ft   In. 

Fiery  Band 2  0 

BraasyBand 2  3 

Cannel  or  Metal  Band                              .    4    Oto  6  0 

Bannock  Band 5  6 

Lower  Main  Band 8    Oto  4  0 

Main  Band 9    0  „  10  0 

Yard  Goal 2    0  „  3  0 

Four  Foot  Goal 4  0 

UdaleBand 3    Oto  4  0 

The  total  thickness  of  workable  coal  in  Cumberland  is  esti- 
mated to  amount  to  86  feet. 

*  «*  Goal  Fields  of  Great  Britain^"  4th  ed.,  p.  227. 
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Mining  operations  are  carried  out  on  an  extensive  scale  in  the 
Whitehaven  district,  where  the  colliery  workings  extend  from 
two  to  three  miles  under  the  sea.  At  Workington  also,  the  coal 
seams  have  long  been  wrought  under  the  sea ;  and  Mr.  M.  Dunn,* 
describing  the  dangers  attending  these  undersea  operations 
from  inimdation,  gives  an  accoimt  of  a  sad  calamity  which  oc- 
curred in  this  district  in  July,  1887,  when  36  men  and  boys, 
and  as  many  horses,  together  with  all  the  extensive  stock  under 
groimd,  were  irrecoverably  destroyed  from  this  cause,  the  waters 
having  filled  up  the  whole  of  the  extensive  workings  to  the  level 
of  the  sea  in  a  few  short  hours. 

The  scene  of  the  accident  was  the  Workington  Colliery,  where 
the  pits  "  Lady  "  and  "  Isabella  "  were  sunk  and  the  coal  worked 
to  the  distance  of  1,600  yards  under  the  Irish  Sea,  in  a  10  feet 
seam  which  was  90  fathoms  deep,  both  pits  being  situated  close 
upon  the  sea  shore.  The  workings  were  driven  considerably  to 
the  rise,  at  the  rate  of  one  in  three,  which  brought  them  within  15 
fathoms  of  the  bottom  of  the  sea  ;  operations  appear  to  have  been 
carried  out  in  a  very  unguarded  manner,  the  seams  were  worked 
up  too  far  towards  the  bed  of  the  sea  which  gave  way,  flooding 
the  colliery  and  leading  to  the  disastrous  results  above  noticed. 

Analysis  of  Coal. — In  the  following  appears  a  chemical  analy- 
sis and  practical  assay  of  an  average  sample  of  Cannel  coal,  from 
a  seam  about  five  inches  thick,  worked  in  the  Dovenby  Colliery, 
Dearham,  Maryport;  and  made  by  Dr.  William  Wallace,  Gas 
examiner  for  the  City  of  Glasgow. 


AnAIiTSIS. 

C  Gas,  Tar,  &o. 
Volatile  matters  <  Stdphur    . 

(Water,  at  212°  Fahr. 

C  Fixed  Carbon    . 
Coke     .        •     <  Sulphur 

(Afih  .        .        .        . 


2-65) 
•66  > 

1-16) 
•25) 
•92  > 
•36) 


26^25 

18 


54-47 


45-53 


100-00 


Cwt8.Qrs.L1)8. 
Coke  (dry)  per  ton  of  coal  1010  lbs.,  or     .        .        .        .902 

Analysis  of  the  Coke  (Dry). 

Carbonaceous  or  combustible  matter 57*65 

Sulphur 2-02 

Ash 40*33 


100^00 
*  '*  Winning  and  Working  of  Coal  Mines,  1848/'  p.  230. 
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Specific  gravity  of  the  coal 1*271 

Weight  of  a  cubic  foot  in  pounds *79 

Fbaotical  Besults. 
Qas,  per  ton  of  Coal,  at  60°  Pahr.,  and  30  inches  barometer 

10,765  cubic  feet. 
lUuminating  power,  in  standard  sperm  candles,  by  union 
jet  consuming  5  cubic  feet  per  hour  at  *a  inch 
pressure  .  .  .  .  40*48  candles 
Value  of  one  cubic  foot  of  gas,  in  grains  of  sperm  .  .  971 
Equivalent  of  a  ton  of  coal  in  pounds  of  sperm  candles  .  .  1493 
Durability  of  one  cubic  foot  of  gas,  by  5  inch  flame  .  83  minutes 
Gravity  of  the  gas,  air  =  1000 660 

Bebcabks. 

The  gas  from  this  coal  is  equal  in  quality  to  that  made  from  the  celebrated 
BogheMl  Cannel,  and  is  too  rich  for  illuminating  purposes.  It  is,  owever, 
very  valuable  for  mixing  with  gas  made  from  ordinary  soft  coal  or  inferior 
cannels. 

Prices  of  CoaL — A  few  general  notes  will  show  the  average 
prices  of  house  coal  at  the  pit's  mouth  in  Cumberiand.  In  the 
year  1851  the  average  price  per  ton  was  4:8.  6^.,  increased  in 
1866  to  6«.,  prices  gradually  decreasing  till,  in  1859^  the  quota- 
tions for  house  coal  were  Ss.  8^.,  in  1864  the  average  was  68.  lOd., 
and  in  1866,  88.,  varying  in  1868  from  6^.  to  6^.  6d.  per  ton. 
In  1870  we  learn  from  the  Coal  Commission  report*  that  the 
following  were  the  average  prices  of  coals  at  the  collieries  named 
(best  coals) : — 

OOLUIRIIS.  .«.    d. 

Broughton  Moor 8  4 

Flimby  Best  Coal 6  9 

Frizzington 7  6 

Oillhead 6  8 

Hanington 10  0 

Threapthwaite 9  2 

The  prices  of  slack  varying  from  28.  6d.  to  98.  4d.  and  5a.  per 
ton,  according  to  quality.  In  the  years  1878,  1879  and  1880  the 
averaf^e  prices  of  coal  and  slack  per  ton  were  as  follows : — 


Year. 

COAL. 

SLACK. 

Avenge. 

Highest. 

Lowest. 

Average. 

Highest 

Lowest 

1878 
1879 
1880 

».     d. 
8     6 

8  0 

9  0 

8.     d, 

10  10 

10     0 

t20    0 

«.      c/. 
7     6 

6  6 

7  6 

ff.      d. 

3  6 

4  0 
4     3 

5.        (2. 

5     0 
5  11 
5     1 

2  1 

3  0 
3    6 

•  Vol  ui.,  "  Statistics,"  Appendix,  p.  212. 
t  Cannel  coa]« 
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Production  of  Coal  in  Cnmberland. — From  the  report  of 
the  Boyal  Coal  Commission  many  important  facts  are  gleaned 
bearing  on  the  early  history  of  the  coal  trade  of  Cumberland ;  it 
is  there  stated  that  in  the  year  1582  the  Earl  of  Lincoln,  being 
Lord  High  Admiral,  caused  an  account  of  the  ships  and  mariners 
of  Cumberland  to  be  taken.  The  vessels  amounted  to  twelve, 
not  one  of  them  being  of  80  tons  burden ;  mariners  and  fisher- 
men, 198.*  The  insignificant  condition  of  the  ports  of  Cumber- 
land, even  so  late  as  the  middle  of  the  last  century,  is  shown  by 
the  facts  that  in  the  year  1752  Maryport  consisted  of  only  one 
farmhouse,  and  in  that  year  a  second  house  was  built. 

Coal  was  first  worked  at  Whitehaven  by  Sir  John  Lowther,  in 
the  year  1660,  and  it  further  appears  from  Lyson  f  that  steam- 
engine  fuel  was  used  in  the  year  1787,  in  which  year  Whingill 
and  Howgill  collieries  produced  112,500  tons  of  coal.  But  little 
information  is  met  with  giving  the  output  of  the  Cumberland 
collieries  at  an  early  period ;  on  the  other  hand  the  Custom-house 
returns  show  the  quantities  of  coal  exported  from  the  several 
ports  of  Cumberland  between  the  years  1781  and  17924  The 
great  bulk  of  the  coal  exported  at  this  period  was  sent  to  Ireland, 
the  duty  chargeable  being  Is,  2d.  per  ton,  while  the  coal  exported 
to  foreign  countries  was  fixed  at  5^.  per  ton. 


Year. 

Whitehaven. 

Workington,  Maryport, 
andHarrin.,i/>n. 

Tons. 

Tons. 

1781 

119,540 

118,525 

1782 

123,393 

118,164 

1783 

131,442 

125,526 

1784 

128,312 

136,336 

1785 

156,279 

151,738 

1786 

188,082 

142,622 

1787 

109,181 

164,828 

1788 

193,633 

162,228 

1789 

162,611 

160,046 

1790 

144,947 

152,819 

1791 

117,401 

179,645 

1792 

125,840 

169,291 

The  average  exports  of  coal  from  the  Whitehaven  Collieries 
about  the  year  1814  did  not  exceed  225,000  tons  per  annum,  to 

♦  A  General  View  of  the  Agriculture  of  Cumberland. 

f  Lyson's  **  Magna  Britannia,"  p.  cxzi. 

j  "  History  and  Antiquities  of  Cumberland,"  by  Wm.  Hutchinson.  Carlisle.  1794. 


£HAF.  III.] 


CUMBERLAND   GOAL-FIELD. 


65 


which  adding  the  coal  of  the  inland  collieries  estimated  at  15,000 
wagon  loads  of  two  and-a-half  tons  each,  or  88,750  tons,  the 
total  production  at  this  period  may  be  set  down  at  258,750  tons. 

Forty  years  later  it  appears  that  the  total  output  of  the  Cum- 
berland collieries  amounted  to  887,000  tons,  of  which  580,241 
tons  were  shipped  from  the  ports  of  Cumberland,  the  prices  per 
ton  being  quoted  at  8«.  5d.  shipped  and  forwarded  by  rail ;  and 
8s.  id,  for  household  purposes ;  the  quantity  shipped  in  the 
previous  year  amounted  to  555,216. 

In  1854  and  since,  the  following  gives  the  number  of  collieries 
and  the  annual  output  of  coal : — 


1 
Year. 

Namber  of 
Collieries. 

1 

1 
Coal.            1 

1 

Year. 

Number  of 
Collieries. 

Coal. 

Tons. 

Tons. 

1854 

23 

887,000 

1867 

25 

1,512,514 

1855 

23 

809,546 

1868 

27 

1,378,026 

1856 

28 

913,981 

1869 

26 

1,410,808 

1857 

28 

942,018 

1870 

27 

1,408,235 

1858 

28 

920,137 

1871 

27 

1,423,661 

1859 

28 

1,041,890 

1873 

37 

1,747,064 

1860 

28 

1,171,052 

1874 

34 

1,102,267 

1861 

28 

1,255,644 

1875 

36 

1,226,737 

1862 

28 

1,330,287 

1876 

37 

1,399,603 

1863 

32 

1,327,368 

1877 

35 

1,515,783 

1864 

30 

1,380,795 

1878 

31 

1,392,773 

1865 

30 

1,431,047 

1879 

33 

1,459,170 

1866 

30 

1.490,481 

1880 

27 

1,680,841 

IKstKibutioiL  of  CoaL — Commencing  with  the  year  1867,  and 
until  the  year  1871,  we  have  the  following  statement  showing  the 
distribution  of  the  coal  produced  in  Cumberland  in  each  of  those 
years,  the  coal  sent  coastwise  being  chiefly  shipped  to  Irish  ports 
where  it  is  largely  employed  for  household  purposes  : — 


Year. 


1867 
1868 
1869 
1870 
1871 


Expori«cl. 


Tons. 

782,723 

10,664 

8,964 

7,689 

3,739 


Coastwise. 


Tons. 
5,591 
675,632 
670,584 
670,421 
599,922 


Ironworks. 

Domestic. 

1 

Tons. 

Tons. 

478,500 

246,700 

459,730 

250,000 

453,150 

278,110 

450,125 

280,000 

525,000 

295,000 

A  few  details  will  generally  indicate  the  movements  of  coal ; 
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for  example,  the  London  and  North- Western  Railway,  the 
Fumess  Railways,  and  the  Maryport  and  Carlisle  Railway, 
carried  of  Cumberland  coal  the  following  quantities  in  each  of  the 
years  named : — 


Year. 

Ix)niIoii  and  North- 
Westeni  Railway. 

Furness  Railway. 

Maryport 
and  Carlisle. 

Tops. 

Tons. 

Ton.«c.             , 

1868 

389,487 

48,258 

... 

1870 

345,046 

43,930 

•  •  ■ 

1871 

348,668 

45,614 

1 

1872 

384,071 

43,646 

184,450         1 

1873 

348,404 

50,982 

282,787 

1874 

266,866 

54,787 

245,671         ! 

1875 

268,737 

48,541 

222,706        1 

1876 

f    318,383 

51,476 

291,235         1 

1877 

361,276 

47,303 

268,978 

1878 

374,282 

33,908 

282,242 

1879 

354,664 

54,808 

305,460 

1880 

371,755 

36,965 

274,602 

Following  the  railway  distribution  since  the  year  1872  the 
annexed  table  shows  the  quantity  shipped  from  the  respective 
ports  of  Cumberland,  coastwise  and  to  foreign  countries,  the 
latter  being  inconsiderable. 


COASTWISE. 

rORElON. 

Year. 

Workington. 

Whitehaven. 

Maryport. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1872 

53,787 

121,823 

154,815 

3,288 

1873 

35,324 

89,033 

240,104 

490 

1874 

20,774 

100,245 

236,205 

2,719 

1875 

28,637 

128,590 

234,293 

2,402 

1876 

47,038 

130,290 

276,784 

5,516 

1877 

47,318 

133,281 

294,957 

6,128 

.1878 

56,334 

129,540 

282,607 

6,837 

1879 

53,718 

217,245 

292,526 

3,500 

1880 

52,980       . 

198,761 

242,176 

1,569 

Since  the  year  1876,  Carlisle  (SiUoth)  has  shipped  coal  coast- 
wise. These  quantities  added  to  the  above,  increase  the  total 
shipments  coastwise  which  appear  as  follows  since  1876 : — 
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Tear. 

Carlisle. 

Total  Shipments. 

Tons. 

Tons. 

1876 

45,791 

499,993 

1877 

31,994 

607,650 

1878 

28,618 

496,999 

1879 

21,170 

684,559 

1880 

20,088 

614,035 

Of  the  production  of  Cumberland  in  the  years  1874,  1879,  and 
1880,  the  annexed  table  shows  the  distribution  of  coal. 


How  Distributed. 

1874. 

1879. 

1880. 

Coastwise 

Exported 

London   and   North- Western  ) 

Bailway   .        .        .        .     ) 
Maryport  and  Carlisle  Bailway 
Fomess  Bailway 
Collieries,      ironworks,      and ) 

local  consumption         .     .    ) 

Tons. 

357,224 
2,719 

266,866 

245,671 
64,787 

175,000 

Tons. 
584,659 
3,500 

354,664 

101,061 
64,808 

365,275 

Tons. 
614,035 
3,858 

371,755 

99,465 
36,9Q5 

654,763* 

Total     . 

1 

1,102,267 

1,463,867 

l,680,841t 

Popnlatiim  employed  in  Coal-mining. — The  number  of  persons 
thus  employed  in  the  year  1854  above  and  below  ground  in  Cum- 
berland was  8,948,  of  whom  8,679  were  engaged  in  coal  mines 
and  869  in  ironstone  mines.  Previous  to  the  year  1874,  the 
persons  employed  in  coal-mining  operations  in  Cumberland  are 
included  in  the  returns  of  Durham  and  Northumberland.  Since 
that  date  they  are  separately  distinguished  and  are  as  follows ; 
side  by  side  appear  the  coal  raised  each  year,  and,  for  comparison, 
the  quantities  raised  per  man : — 


Y                   Under               Above                Total 
**"•            Ground.      ,      Ground.            Persons. 

Coal  Raised. 

Average 
per  Man. 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
4,251 
4,763 
4,401 
4,381 
4,263 
4,281 
4,407 

Nos.         1         Nos. 
1,427      i      5,678 
1,745      ;      6,508 
1,623            6,024 
1,440      1      6,821 
1,525      '      5,778 
1      1,628      '      5,809 
1      1,637            6,944 

Tons. 
1,036,274 
1,171,341 
1,392,046 
1,447,223 
1,393,514 
1,525,039 
1,680,841 

Tons. 
183 
180 
231 
248 
241 
262 

283 

1 

*  Estimated  quantity. 

t  According  to  Betums  of  H.M.  Inspectors,  1880. 
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The  respective  ages  of  those  engaged  under  and  above  ground 
in  1879  are  thus  distinguished  : — 


GUHBEKLAin). 


Male  Feraoni. 

Under  Ground. 

Above  Ground. 

Total. 

From  12  to  13   . 

„     10  to  13 

„     13  to  16  . 
Above  16       .        .        . 

Total        .        .    . 

Nos. 
18 
•  ■• 
292 
3,971 

Nob. 
•  ■  * 
1 
85* 
l,442t 

Nos. 

18 

1 

377 

5,413 

4,281 

1,528 

5,809 

The  average  tonnage  of  coal  raised  per  man  during  the  above 
seven  years  showing  an  increase  of  100  tons — equal  to  55  per  cent. 

BesourcM  of  Cumberladid  Coal-field  and  Probable  ZhiratioiL. — 
The  quantity  of  coal  remaining  unworked  in  the  Cumberland 
coal-field,  according  to  the  Report  of  the  Boyal  Coal  Commission, 
amoimts  to  405,208,792  tons  thus  summarised  : — t 


THiOKinsss  or  sxixs. 
From  12  in.  to  18  in.  thick 


it 

18 

>* 

24 

99 

» 

24 

>> 

30 

>> 

» 

30 

>> 

36 

>> 

99 

36 

»> 

42 

>> 

>> 

42 

)> 

48 

>> 

9> 

48 

>> 

54 

f9 

}> 

54 

>> 

66 

>» 

»> 

66 

}) 

72 

»> 

99 

72 

}} 

84 

}> 

>> 

84 

}) 

112 

)» 

TIBLD  Of  COAL  XSTIMATID. 
Tons. 

.  8,408,414 

.  .  25,579,019 

.  18,105,665 

.  .  52,793,908 

.  9,308,974 

.  .  6,770,890 

.  21,591,388 

.     .  32,015,571 

.  30,786,747 

.     .  43,989,529 

.  54,482,687 


Total  tons  of  coal  to  be  worked  from  the  Cumberland )  oqq  007  790 
Coal  Field  as  per  returns  made  from  the  collieries  3        '      ' 

Under  Sea  Coal, — ^It  is  estimaled  that  for  a  distance  of  < 
eight  miles,  two  workable  seams  of  coal  will  be 
found  imder  the  sea,  making  in  the  aggregate 
11  feet  of  coal  over  an  area  of  16  sqnare  muee  ; 
taking  the  extent  to  be  worked  seaward  2  miles  == 
10,240  acres  X 11  feet,  and  allowing  40  per  cent,  to 
beleft= 


101,376,000 


Total    405,203,792 


*  Including  7  females.  f  Including  329  females. 

%  Coal  Gomminion  Report,  yoI.  I.,  p.  21. 
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This  quantity,  at  the  rate  of  production  in  the  year  1870,  viz., 
1,408,285  tons,  would  afford  supplies  for  288  years.  During  the 
ten  years  ending  1879,  the  output  of  the  collieries  of  Oumber- 
land  amounted  to  an  aggregate  of  14,080,029  tons,  or  an  average 
annual  output  of  1,408,002  tons;  leaving  a  total  of  891,123,499 
tons  yet  available  for  a  period  of  277  years.  The  output  of  the 
collieries  of  Cumberland  in  1880  was  1,680,841  tons,  showing  an 
increase  over  the  previous  year  of  155,802  tons,  and  reducing  the 
period  of  duration  to  about  285  years. 

Wastmoreland  Coal-field.  Population  Employod  and  Coal 
Baised.* — The  coal  produced  in  Westmoreland  is  inconsiderable, 
not  exceeding  2,000  or  8,000  tons  in  any  one  year.  In  the  year 
1854  the  total  number  of  persons  engaged  in  coal  and  iron 
mining  was  109 ;  of  these  57  were  engaged  in  coal,  and  52  in 
iron  mining.  The  returns  of  recent  years,  as  under,  show  a 
considerable  falling  off.    The  details  are  as  follows  : — 


Tear. 

PBR80N8  ■MPI.OTXD. 

Total. 

Coal  raised. 

Average  per 
man. 

1 

Under 
groimd. 

Above 
ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
20 
12 
18 
13 
13 
15 
17 
13 

Nos. 
3 
1 
1 
2 
2 
2 
2 
3 

Nos. 
23 
13 
19 
15 
15 
17 
19 
16 

Tons. 
1       1,972 

1       1,297 
2,566 
2,020 
2,051 
1,830 
2,026 
1,950 

Tons. 
86 
99 
135 
135 
136 
108 
106 
122 

In  the  years  1877  and  1879  the  number  engaged  in  iron- 
mining  was  but  ten  in  each  year,  of  whom  six  were  engaged 
in  underground  and  four  in  overground  operations ;  the  quantities 
of  iron-stone  raised  amounting  to  8,000  tons  and  1,454  tons 
respectiyely. 

The  coal  raised  according  to  the  **  Mineral  Statistics  "  in  the 
years  1878  and  1879  is  in  excess  of  that  of  the  Inspectors,  and 
is  given  respectively  at  4,540  tons  and  4,697  tons. 

*  Reports  of  H.M.  Inspectors  of  Mines. 
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CHAPTER    IV. 

LANCASHIRH    COAL-FIELD. 

General  Description  of  Coal-field — Principal  Coal  Seams  Wigan  and  Bamlejr 
Districts — Analyses  and  Production  of  Coal  —  Deep  Pits  at  Bosebridge 
CoUierieS)  Wigan,  and  Ashton  Moss,  near  Manchester — Pemberton  CoUieryi 
General  Arrangements — Coal  Washing  Apparatus — Distribution  of  Coal — 
Bridgewater  Navigation — Sent  Coastwise  and  Exported — Population  employed 
in  Coal  Mining — Price  of  Coal  and  Cost  of  Production — Besources  of  Coal- 
field, and  probable  duration. 

The  Lancashire  Coal-field.  —  This  important  coal-bearing 
tract,  most  irregular  in  outline  and  greatly  distui'bed  by  faults, 
has  an  estimated  area  of  217  square  miles.  The  chief  centres 
of  activity  are  Prescot,  Saint  Helen's,  Wigan,  Bolton,  Bury  and 
Manchester,  and  the  isolated  tract  of  Burnley.  The  South 
Lancashire  asea  of  the  coal-field,  extending  £rom  Bickerstaffe  to 
Staleybndge,  is  thirty-two  miles  in  length,  its  average  breadth 
being  about  six  miles.  The  number  of  seams  of  workable  coal, 
as  also  the  character  of  the  strata  in  which  they  occur,  vary 
considerably  in  different  parts  of  the  area;  thus  in  the  neigh- 
bourhood of  Saint  Helen's  the  number  of  coal  seams  exceeding 
two  feet  are  13,  compared  with  17  in  the  Wigan  and  18  in  the 
Manchester  district ;  a  general  thickening  out  of  the  coal 
measures  taking  place  towards  the  N.N.E.,  the  same  coal  seams 
being  found  further  apart  at  Saint  Helen's  than  at  Prescot,  and 
at  Wigan  than  at  Saint  Helen's. 

The  coal  measures  are  divided  into  Upper,  Middle  and  Lower. 
The  Upper  form  the  Manchester  coal-field,  and  include  the  Ardwick 
limestone  series,  containing  numerous  fish  remains  overlying  the 
Bradford  Four-foot  coal.  The  Middle  coal  measures,  with  a 
section  of  3,500  feet,  containing  all  the  important  seams  of  coal, 
from  the  Worsley  Four-foot  coal  to  the  Arley  mine.  The  Lower 
or  Ganister  series,  consisting  of  flags,  shales  and  thin  coals. 
The  seams  of  the  Middle  coal  measures  vary  fi'om  3  to  9  feet  in 
thickness,  and  most  of  them  can  be  traced  over  the  whole  district 
under  different  names;  for  example,  the  "Little  Delf "  of  Saint 
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Helen's  is  the  Arley  Mine  of  Wigan,  the  "  Biley  Mine "  of 
Bolton,  and  the  '^  Dogshaw  Mine  "  of  Bury.  It  is  the  lowest  coal 
bed  of  the  Middle  series,  and  of  great  economic  value.*  The 
following  are  the  more  important  seams  wrought  in  the  Wigan 
area  of  the  coal-field,  with  their  respective  average  thickness : — 

Ft.  In. 

Four-foot  Coal  of  Bed  Book  Bridge 4    0 

Ince  Yard  Goal 3    0 

Inoe  Four-foot  Coal 3    7 

Ince  Seven-foot  Coal  (with  parting) 7    0 

Furnace  Mine  (with  parting) 4    7 

Pemberton  Five-foot  Mine 5    2 

Pemberton  Four-foot  Mine 4    6 

Wigan  Five-foot  gnferior) 4    6 

Gannel  Best  Qas  Coal from  1  to  3    0 

King  Coal 3  10 

Yard  Coal 3    0 

Bone  Coal .        ..23 

Smith  Coal  (BuBhy  Park)       .......  3    6 

Arley  Mine 4    0 

The  last-named  seam  being  the  next  in  value  to  the  Cannel. 

In  the  northern  and  eastern  portions  of  the  district  and  at 
Upholland,  near  Wigan,  in  the  lower  coal  measures,  two  thin 
seams  of  coal  are  worked,  the  one  known  as  the  ''  Upper  Moun- 
tain Mine  "  in  the  Oldham  district,  from  14  to  16  inches  thick, 
and  a  second,  the  "  Lower  Mountain  Mine,"  or  **  Ganister  Coal,*' 
varying  in  thickness  from  18  to  80  inches,  the  two  seams  separated 
by  intervening  strata,  amounting  to  from  60  to  76  yards.  The 
other  districts  of  importance  are  the  coal  areas  in  the  neighbour- 
hood of  Manchester  and  the  Burnley  coal-field ;  the  former  lies 
to  the  north-east  of  Manchester,  four  and  a  half  miles  in  length, 
its  greatest  breadth  not  exceeding  one  and  a  half  miles :  the 
latter,  small  but  rich  coal  basin  of  Burnley,  lying  further  to  the 
north  of  the  main  coal-field.  In  both  these  districts  important 
and  valuable  seams  of  coal  occur.  The  following  gives  generally 
those  in  the  Burnley  district,  with  their  average  thickness : — 

Ft.  In. 

DogholeCoal 6  0 

K^vhawCoal 3  0 

Shell  Coal 2  6 

Main  Coal 5  0 

Maiden  Coal 3  0 

Lower  Yard  or  Five-foot  Coal 5  0 

Lower  Bottom  or  Four-foot  Coal 3  6 

♦  Profeasor  Hnir«  "  Coal-flelds,"  4th  ed.,  p.  200. 
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Ft.  In. 

Impure  Cannel 2  6 

Thin  Coal  (and  Fish  Bed) 2  9 

( Coal»  28  in.  ) 

GreatMine {Shale,  12  „   > 4  0 

(Coal,  19  „  J 

China  Bed 2  0 

DanchyBed 2  0 

Fnlledge  Main  Coal  or  Arley  Mine 4  0 


Below  the  Fulledge  Coal,  in  the  lower  coal  measure,  occurs  the 
upper  and  lower  Mountain  Mines,  the  latter,  "  Ganister  Coal," 
having  a  thickness  of  about  four  feet,  the  former  being  about 
two  feet.  Bands  of  ironstone  occur  in  this  district,  and  were 
formerly  worked. 

Analyses  of  Lancashire  Coal. — The  second  Beport  of  Coals 
suited  to  the  Steam  Navy  affords  verj'  valuable  information  of 
the  economical  value  of  the  Lancashire  coal.* 

Of  the  following  well-known  seams  worked  in  the  Wigan  dis- 
trict, the  annexed  particulars  are  gathered  : — 

Balcarres  Arley  Mine. — Described  "as  a  semi-bituminous 
coal,  the  vein  at  a  depth  of  212  yards  from  the  surface  being 
5  feet  6  inches  thick,  and  regular.  The  coal  on  examination  was 
found  to  light  easay  and  burn  freely,  but  with  the  evolution  of 
much  smoke  during  the  time  of  combustion.  The  amount  of 
ash  left  was  rather  considerable,  but  the  quantity  of  clinker 
formed  was  so  small  that  at  the  expiration  of  eight  hours  from 
the  time  of  lighting  the  fire  the  draughtways  between  the  bars 
remained  nearly  as  clear  as  before  the  commencement  of  the 
operation.  The  small  quantity  of  clinker  formed  was  very 
fiisible,  and  adhered  to  the  bars." 

Balcarres  Five-foot  Mine. — This  mine  is  also  situated  in 
the  parish  of  Wigan.  The  vein  is  6  feet  4  inches  thick,  and  has 
been  found  to  be  regular  as  far  as  proved.  This  coal,  like  the 
former,  was  found  to  light  readily,  and  blows  off  the  steam 
rapidly,  but  gives  a  hard  clinker,  which  adheres  so  firmly  to 
the  bars  as  to  interfere  materially  with  the  maintenance  of  a 
clear  fire.  The  coal  gives  off  much  smoke  during  combustion, 
and  leaves  a  considerable  amount  of  reddish  ash. 

The  Balcarres  Haigh  Yard  Mine, — The  coal  of  this  seam 
occurs  at  a  depth  of  98  yards  from  the  surface,  is  84^  inches 
in  thickness,  and  very  regular,  and  yields  a  free  burning  coal. 

*  De  la  Beche  and  Playfair,  1861. 
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The  coal  resembles  in  appearance  the  two  last  coals  referred 
to,  and  was  found  daring  the  experiments  to  bum  in  a  nearly 
similar  way,  with  the  exception  of  its  being  consumed  rather  less 
rapidly  and  more  steadily  than  thQ  other  specimens.  The  clinker 
was  found  to  be  small  in  quantity,  but  extremely  fusible,  and  by 
melting  on  the  bars  obstructed  the  draught. 

Blackley  Hurst  Fov/r-foot  Vein  and  Three-foot  Vein. — 
The  average  thickness  of  the  former  is  8  feet  10^  inches,  while 
the  latter  is  usually  an  inch  less  than  its  name  implies.  The 
Four-foot  Vein  is  mined  at  a  depth  of  60  yards,  and  the  Three- 
foot  Vein  at  a  depth  of  140  yards  from  surface.  The  coal 
is  described  as  clean  and  durable,  and  has  been  largely  used  by 
the  Scotch  and  Irish  steam  packets,  and  it  further  appears  that  a 
mixture  of  these  two  veins  famished  a  supply  of  fuel  to  the 
Halifax  and  Boston  mail  steamers  for  a  considerable  period. 
This  coal  has  also  been  employed  for  the  manufacture  of  gas, 
and  it  was  observed  during  the  experiments  to  be  slightly  bitu- 
minous and  rather  fragile,  yielding  much  smoke  and  depositing  a 
considerable  amount  of  soot.  Little  ash  and  clinker  were,  how- 
ever, left,  the  latter  being  of  reddish  colour  and  very  hard.  The 
following  shows  the  mean  composition  of  average  samples  of 
these  coals :  * — 


1 

OonstituentB. 

BALCAKBES  COLLIERY. 

Blackloy 
Hurst 

Four-foot 
Mine. 

Arley,  five 
feet  six  in. 

Five-foot 
Mine. 

Haigh  Yard 
Mine. 

Carbon    . 

Hydrogen  . 

Nitrogen 

Sulphur      .        .    . 

Oxygen  . 

Aflh            • 

Spedfio  gravity 

83-54 
5-24 
0-98 
1-05 
6-87 
3-32 

74-21 
5-03 
0-77 
2-09 
8-69 
9-21 

82-26 
5-47 
1-25 
1-48 
5-64 
3-90 

82-01 
5-55 
1-68 
1-43 
5-28 
4-05 

100-00 

100-00 

100-00 

100-00 

1-26 

1-26 

1-28 

1-26 

ft 

Coke  per  cent.    .    . 

62-89 

55-90 

66-09 

57-84 

Other  analyses  of  coal  raised  in  the  Wigan  district  show  the 


*  Second  Beport,  "  Coals  0iiited  to  the  Steam  Kavy,"  by  De  la  Beche  az^ 
nayfur,  p.  7. 
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following  constituents,  the  samples  examined  being  from  seams 
in  the  Ince  Hall  Collieries,  and  employed  for  steam,  domestic 
purposes  and  gas  manufacture.  The  analysis  in  the  last  column 
is  of  the  Cannel  coal  worked  in  the  collieries  at  Walthen  House, 
two  miles  from  Wigan,  of  Messrs.  W.  H.  Brancker  &  Co.,  and 
extensively  used  for  gas-making,  with  the  exception  of  small 
quantities  used  for  household  purposes.  The  principal  market 
for  this  coal  is  Liverpool,  distant  83  miles  from  the  mine.  The 
results  of  analyses  are  thus  tabulated : — 


ConstituentB. 

INCE  HALL  COLLIERIES. 

Cannel 
8e&ni. 

Arley 
Four-foot 

Pemberton 
Four-foot 

Pemberton 
Five-foot 

Carbon    . 

Hydrogen  .        .     . 

Nitrogen 

Sulphur      .        .     . 

Oxygen  . 

Aeh    .        .        •     . 

Specific  gravity 
Coke  per  cent.    .     . 

82-61 
6-86 
1-76 
•80 
7-44 
1-53 

77-01 . 
3-93 
1-40 
1-05 
5-62 

11-09 

68-72 
4-76 
2-20 
1-35 
8-63 

14-34 

79-23 
6-08 
1-18 
1-43 
7-24 
4-84 

100-00 

100-00 

100-00 

100-00 

1-272 

1-276 

1-269 

1-23 

64-00 

57-10 

56-50 

60-33 

The  coals  worked  by  the  Moss  Hall  Company,  whose  collieries 
are  situated  near  Wigan,  have  also  been  investigated.  The 
following  coals  are  thus  described : — 

The  Pemberton  Four-foot  Coal,  raised  from  the  Moss  Hall 
CoUiery,  being  obtained  from  a  depth  of  208  yards  from  the 
surface,  the  vein  exhibiting  great  regularity,  and  4  feet  6  inches 
thick ;  the  specimen  examined  being  a  bright  coal,  with  a  cubical 
fracture,  free  from  iron  pyrites,  and  containing  but  little  shaly 
matter  or  mineralized  charcoal. 

The  Pemberton  Five-foot  Coal  is  obtained  from  a  colliery 
situated  in  the  immediate  neighbourhood  of  the  preceding,  and 
is  described  as  "  hard,  burning  moderately  freely,  and  very  hot.*' 

The  New  Main  Coal,  worked  by  the  same  Company  at  a 
depth  of  110  yards,  the  vein,  which  is  4  feet  6  inches  thick, 
being  divided  in  the  middle  by  four  inches  of  metal.  The  coals 
from  this  vein  are  described  as  "  moderately  hard,  free  burning^ 


CHAP.  lY.] 


LANCASHIRE  COAL-FIELD. 


78 


and  producing  a  great  heat."  This,  like  the  two  previous  varie- 
ties in  the  experiments  made,  was  found  to  yield  similar  results. 
The  annexed  shows  the  mean  composition  of  average  samples  of 
the  coals  referred  to : — 


Coiurtituenta.                   ^*«J^» 

Pemberton 
Five-foot. 

Pemberton 
New  Mine. 

Carbon    . 

Hy^drogen  .        .     . 
1  Nitrogen 

,  Sulphur      .        .     . 
1  Oxygen  . 

Ash    •        •        .    . 

75-53 
4-82 
2-05 
3-04 
7-98 
6-58 

76-16 
5-35 
1-29 
1-05 

10-13 
602 

77-50 

4-84 

•98 

1-36 

1216 
3-16 

Specific  gravity 

100-00 

100-00              100-X)0 

1-258 

1-283       ,          1-278 

Coke  per  cent.     .    . 

55-70 

5610        j       57-70 

The  coal  seams  wrought  in  the  Haydock  Collieries  of  Messrs. 
Richard  Evans  &  Co.,  situated  in  the  parish  of  Ashton  in 
Makerfield.  near  Warrington,  and  of  which  analyses  are  puh- 
lished,  exhibit  considerable  variety,  and  are  thus  described  : — 

The  Rushy  Park  Coals  are  obtained  at  a  depth  of  260  yards 
from  the  surface,  the  seam  having  a  thickness  of  4  feet  8  inches. 
These  coals  are  employed  for  the  generation  of  steam  and  other 
furnace  purposes ;  the  specimen  examined  was  bright,  with  a 
cubical  fracture,  and  contained  rather  large  quantities  of  iron 
pyrites. 

The  Haydock  Little  Delf,  extracted  from  the  same  colliery, 
at  a  depth  of  820 feet  from  the  surface;  the  vein  is  8  feet  6 inches 
thick,  the  coal  being  chiefly  employed  for  smith's  use  and  coking; 
this  coal  closely  resembles  the  foregoing,  but  is  more  bituminous, 
softer,  and  less  bright,  contains  large  quantities  of  white  shale 
and  mineralized  charcoal,  although  but  little  iron  pyrites  was 
observed. 

The  Haydock  Higher  Florida  Coals,  obtained  from  the 
collieiy  of  the  same  name,  situated  in  the  same  parish  as  the 
two  preceding  mines,  is  obtained  from  a  vein  4  feet  4  inches 
thick,  at  a  depth  of  250  yards  from  the  surface.  The  coals  are 
described  as  ''  clean,  hot  and  durable,"  and  are  largely  used  by 
the  ocean  steamers  from  the  Mersey  and  at  the  saltworks  in 
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Cheshire.  The  coal  is  very  brilliant,  and  has  a  cubical  £ractare, 
but  contains  considerable  quantities  of  white  shale  and  iron 
pyrites,  particularly  on  the  planes  of  cleavage,  where  a  little 
brown  coal  and  mineralized  charcoal  are  also  occasionally  met 
with. 

The  Florida  Main  Seam. — These  coals  are  extracted  from 
the  same  colliery  as  the  foregoing,  and  are  raised  from  a  vein 
about  10  yards  below  the  higher  seam.  The  roof  is  composed 
of  fire-clay  and  shale,  and  the  underlying  strata  consist  of  dark 
shale  and  grit-stone.  The  vein  is  6  feet  in  thickness  and  is 
tolerably  regular. 

The  composition  of  average  samples  of  the  Haydock  seams 
is  as  follows : — 


Constituents. 


Carbon    . 
Hydrogen  . 
Nitrogen 
Sulphur 
Oxygen  . 
Ash    . 


Rushy 
Park. 


100-00 


Specific  gravity 
Coke  per  cent.     .    . 


1-323 


69-40 


77-91 

6-16 

•54 

•62 

10-65 

3-42 


98-20 


1-25' 


68-10 


Higher 
Florida. 

Florida 
Main  Seam. 

t      77-33 
5-56 
1-01 
103 
1202 
3-05 

77-49 
5-50 
1-27 
0-88 

12-84 
2-02 

10000 

10000     1 

1.218 

1-267 

57-10 

54-40 

Another  analysis  of  the  Rushy  Park  Coal,  described  "  as 
slightly  caking ;  lustre  of  coke,  semi-transparent ;  '*  showing 
the  following  composition  : — 

Results  Tabulated. 

Carbon 75*81 

Hydrogen 5-22 

Oxygen 11-14 

Nitrogen 1-93 

Sulphur 0-90 

Aflh 500 

100-00 


The  specific  gravity  of  this  sample  was  1*279,  and  the  jdeld  of 
coke  per  cent.  65*50. 
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Prodnetioii  of  Coal. — The  early  history  of  coal-miniBg  in 
Lancashire  and  the  production  of  coal  is  very  obscure.  It  is 
generally  known,  however,  that  towards  the  close  of  the  past 
century  the  coal  produced  was  not  considerable,  and  further, 
that  the  construction  of  the  Bridgewater  Canal,  bringing  many 
of  the  great  centres  of  industry  into  communication,  greatly 
contributed  to  the  development  of  the  resources  of  the  coal- 
field. The  above  great  enterprise  was  commenced  about  the 
year  1759,  and  was  designed  and  constructed  by  the  celebrated 
engineer,  James  Brindley,  connecting  Worsley  with  Manchester, 
and  famishing  an  important  outlet  for  the  coal  of  that  section 
of  the  Lancashire  coal-fields.  The  canal  was  afterwards  extended 
to  Liverpool,  and  in  1762  an  Act  of  Parliament  was  obtained  to 
extend  the  canal  to  the  tideway  in  the  river  Mersey.  The  Sankey 
Brook  Canal  was  formed  and  opened  a  few  years  previously, 
between  1755  and  1759,  connecting  the  coal-field  of  Saint  Helen's 
with  ^e  river  Mersey. 

In  the  year  1854  *  appeared  an  interesting  paper  by  Mr.  J. 
Dickinson,  H.M.  Inspector  of  Mines,  on  the  Lancashire,  Cheshire 
and  North  Wales  coal-field,  in  which  it  is  stated  regarding  Lan- 
cashire, that  the  coal  produced  in  1852  amounted  to  8,255,000 
tons,  from  884  collieries,  the  pits  being  of  various  depths,  up  to 
520  yards,  t  Deeper  coals  were  at  that  time  worked  by  incline 
planes,  from  the  bottom  of  shafts,  to  a  depth  from  surface  of 
600  yards.  The  884  collieries  above  referred  to  were  worked  by 
679  pits,  the  average  depth  being  about  118  yards. 

These  depths  are  now  greatly  exceeded.  At  Bosebridge 
Colliery  in  the  Wigan  district,  coal  is  being  won  at  a  depth  of 
815  yards  from  the  surface.^  Becently,  at  the  Ashton  Moss 
Colliery,  Auldenshaw,  near  Manchester,  the  "  Great  Mine,'* 
a  seam  of  coal  6  feet  thick,  has  been  reached  at  a  depth  of 
895  yards  from  the  surface,  or  897  yards  includuig  the  seam 
itself.  As  £eu:  back  as  the  year  1874,  the  Ashton  Moss  Colliery 
Company  commenced  sinking  operations,  with  the  view  of  finding 
the  Four-foot  Mine,  which  was  being  worked  in  other  parts 
of  the  coal-field.    At  a  depth  of  450  yards  the  mine  was  proved, 


«< 


Memoin  of  the  Literary  and  Philosophical  Society  of  MancheBter,"  toI.  xii. 
p.  71. 
t  Two  pits  at  the  Pendleton  CoUieiy  (1852). 
t  Angost,  1880. 
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and  several  headings  were  driven  by  way  of  testing  the  bed, 
which,  however,  was  found  to  be  not  of  sufficient  thickness  to  be 
workable.  The  proprietors  now  determined  to  sink  a  shaft  260 
yards  deeper,  in  aU  700  yards.  This  depth,  greater  than  that  of 
the  Astley  Deep  pit  at  Dukinfield  (686  yards),  in  the  adjoining 
county  of  Cheshire,  having  been  reached,  and  not  having  over- 
taken any  coal  of  a  workable  character,  the  engineers  now  directed 
that  borings  should  be  made  ;  the  results  were  encouraging,  and 
orders  were  given  to  sink  further,  and  on  Saturday,  6th  March, 
1881,  six  years  after  the  ground  was  first  broken,  the  workers 
reached  the  **  Great  Mine "  above  referred  to.  This  seam  is 
believed  to  be  a  continuation,  without  any  intervening  fault,  of 
the  seams  which  are  at  present  being  worked  on  the  east  side 
of  Manchester. 

At  a  depth  of  960  yards  lies  the  "  Roger  Mine,"  4  feet  thick, 
and  below  this  are  supposed  to  exist  several  workable  seams 
of  coal,  including  the  Black  Mine  and  the  Cannel  Mine,  l}oth  of 
which  are  got  at  Ashton.  The  coal  is  a  house-fire  coal,  with 
coking  properties,  and  is  most  valuable  for  position,  being  so 
near  the  large  centres  of  population,  available  alike  for  quantity 
and  excellence.  The  field  that  can  be  worked  by  the  Company 
is  about  2,000  acres  in  extent,  from  Guide  Bridge  to  Droylsden 
on  one  side,  and  extending  from  Fairfield  to  Ashton  on  the  other. 
A  second  shaft  is  now  being  sunk ;  being  indeed  but  200  yards 
short  of  the  first  shaft,  and  when  working  operations  have  fairly 
begun  the  mines  are  calculated  to  yield  fi:om  1,600  to  2,000  tons 
per  day,  and  plant  is  being  put  down  with  that  view.  In  the 
sinking  operations  the  miners  encountered  no  less  than  sixty 
seams  or  strata  of  coal,  cannel,  or  shale,  varying  firom  8  inches 
to  more  than  2  feet  in  thickness,  but  none  until  now  of  a  workable 
character.  The  temperature,  taken  at  a  depth  of  860  yards,  was 
78°  Fahr.  The  "  Great  Mine,"  which  has  just  been  proved,  has 
been  worked  from  the  outcrop  to  within  a  distance  of  2,000  yards 
at  the  Lord's  Field  Colliery,  and  about  1,000  yards  by  the  Dukin- 
field Coal  and  Cannel  Company,  *'  fair  rise  and  dip.*'  The  first- 
named  pit  pierces  the  seam  vertically  at  a  depth  of  180  yards, 
and  the  Chapel  and  Dewsnap  Pits  of  the  latter  Company  strike  it 
at  about  260  yards. 

In  comparison  with  other  pits  the  Ashton  Moss  Pit  is  the 
deepest  in  England.     The  sinkings  and  borings  have  penetrated 
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to  a  depth  of  1,050  yards ;  the  sinkings  alone  have  reached 
895  yards,  and  this  will  soon  be  increased  to  950  yards.  Hitherto 
the  Astley  Deep  Pit  at  Dukinfield  (686  yards),  the  Rose  Bridge 
Pit  at  Wigan,  and  the  Moss  Pit,  situated  in  the  same  locality, 
extending  to  a  depth  of  about  820  yards,  were  regarded  as  the 
deepest  coal-pits  in  the  kingdom. 

Even  these  great  depths  are  exceeded  in  the  mining  districts  of 
continental  countries ;  the  deepest  perpendicular  shaft  at  present 
existing  is  that  of  Adalbert,  at  Prizbram,  in  Bohemia,  which  has 
reached  the  depth  of  2,100  metres,  or  1,096  yards,  though  there 
are  others,  not  quite  perpendicular,  which  are  still  deeper.  The 
Bock-salt  bore-hole,  at  Spesenberg,  near  Berlin,  was  carried 
down  4,175  feet  some  few  years  ago,  and  a  coal-mine  at  Viviers, 
Belgium,  is  now  8,542  feet.  Two  other  shafts  in  Belgium,  at 
Gilly,  are  sunk  to  the  depth  of  2,847  feet,  and  from  these 
an  exploring  shaft  was  carried  666  feet  further,  though  it  was 
unsuccessful  as  regards  the  finding  of  the  expected  seam. 

The  deepest  shaft  in  Prussian  mining  is  the  Samson  Shaft  at 
the  Oberhartz  Lead  and  Silver  Works  in  Hanover,  which  is 
2,487  feet.  France  has  nothing  beyond  1,881  feet,  at  a  colliery 
at  Bonchamp.  There  is  only  one  case  on  record  where  a  depth 
exceeding  one  mile  from  the  earth's  surface  has  been  reached ; 
viz.,  at  the  Artesian  well  at  Potsdam,  Missouri,  in  the  United 
States  of  America,  where  the  chisels  have  been  carried  down  to 
5,600  feet,  or  1  mile  220  feet. 

Besuming  with  the  returns  of  coal  produce  in  Lancashire,  in 
the  following  table  will  be  found  the  number  of  collieries  and 
output  of  coal  in  the  North  and  East  or  Manchester  district ; 
and  the  Western  district  (Saint  Helen's  and  Wigan),  together 
with  the  total  number  of  collieries  and  produce  of  coal,  £rom 
which  it  will  be  seen,  that  since  the  year  1854  the  output  of  the 
collieries  of  Lancashire  have  increased  a  hundredfold ;  and  it  may 
be  generally  observed,  that  during  the  year  1880  the  coal  trade 
of  Lancashire  was  carried  on  under  very  unfavourable  circum- 
stances. In  the  beginning  of  the  year  colliery  proprietors  largely 
increased  their  output,  due  to  the  revival  of  trade  which  set  in 
towards  the  close  of  the  previous  year.  These  hopes  were  not 
realised,  and  the  increased  production  became  a  burden  on  the 
market.  During  the  last  two  months  of  the  year,  however,  a 
better  demadd  arose  for  coal ;  this  was  met  by  increased  output 
and  better  prices. 
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Tear. 

NORTH  AND  EAST  DISTRICT. 

WESTERN  DIBTRICT. 

TOTAL  COAL. 

No.  of 

Coal 

No.  Of 

Coal 

No.  of 

TjBDcashire. 

Collieries. 

raised. 

CoUierieA. 

raised. 

Collieries. 

Tons. 

Tons. 

Tuns. 

1854 

•  ■  • 

•  •  ■ 

■  •  ■ 

•  ■  • 

340 

9,080,500 

]855 

•  •  • 

•  •  » 

•  •  • 

■  •  ■ 

357 

8.950,000 

1856 

248 

■  ■  • 

111 

•  •  • 

359 

8,950,000 

1857 

247 

•  ■  ■ 

112 

•  •  • 

359 

8,565,000 

1858 

273 

■  •  • 

107 

•  •  • 

380 

8,050,000 

1859 

272 

5,750,000 

109 

4,900,000 

381 

10,650,000 

1860 

266 

5,750,000 

105 

5,600,000 

371 

11.350,000 

1861 

269 

5,950,000 

104 

6,245,000 

373 

12,195,000 

1862 

272 

4,975,500 

107 

5,622,000 

379 

10,697,600 

1863 

280 

5,325,500 

99 

5,650,000 

379 

10,875,500 

1864 

276 

5,900,000 

103 

5,630,000 

379 

11,530,000 

1865 

249 

6,312,000 

93 

5,650,000 

342 

11,962,000 

1866 

251 

6,570,000 

95 

5,750,500 

346 

12,320,500 

1867 

254 

6,844,000 

99 

5,997,500 

353 

12,841,500 

1868 

293 

7,053,000 

93 

5,747,600 

386 

12,800,500 

1869 

299 

7,020,000 

93 

6,975,500 

392 

13,995,500 

1870 

298 

7,055,500 

87 

6,755,100 

385 

13,810,600 

1871 

287 

7,576,000 

89 

6,275,000 

376 

13,851,000 

1872 

324 

9,363,236 

98 

• « • 

422 

16,363,236 

1873 

325 

9,500,000 

160 

7,500,000 

485 

17,000,000 

1874 

376 

8,095,570 

182 

7,442,950 

558 

15,538,520 

1875 

400 

8,825,798 

188 

8,250,246 

588 

17,076,044 

1876 

385 

8,265,000 

174 

9,125,000 

559 

17,390,000 

1877 

342 

8,735,055 

175 

8,886,476 

517 

17,621,531 

1878 

344 

8,634,500 

178 

9,425,525 

522 

18,060,025 

1879 

362 

9,020,045 

179 

9,591,700 

541 

18,612,345 

1880 

311 

9,519,858 

166 

9,600,436 

477 

19,120,294 

During  the  years  1879  and  1880,  among  the  many  extensive 
companies  raising  coal  in  Lancashire  may  be  mentioned  the 
Wigan  Coal  and  Iron  Co.,  who  produce  annually  from  their 
numerous  collieries  upwards  of  one  and  a  half  million  of  tons ; 
the  Messrs.  Andrew  Knowles  and  Sons,  and  the  Bridgewater 
Trustees,  each  raising  nearly  one  million  tons. 

The  yield  of  Cannel  coal  is  obtainable  for  a  few  years  only, 
from  1857  to  1862,  and  was  as  follows ;  these  quantities  being 
included  in  the  above  totals  for  each  of  those  years  : — 

Cannel  Coal  pboduced  in  Lancashire. 


Year. 

Quantities. 

Year. 

Quantities.           j 

1857 
1858 
1859 

Tons. 
300,000 
275,000 
295,000 

1860 
1861 
18G2 

Tons. 
350,000 
450,000 
332,000 

*  Incladed  in  the  return  of  Korth  Wales,  and  estimated  at  7,000,000  tons. 
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Before  proceeding  further  this  will  be  a  fitting  place  to  give  an 
account  of  some  of  the  mechanical  arrangements  employed  in  an 
extensive  Lancashire  colliery ;  that  of  "  Pemberton  "  of  Messrs. 
Blnndell,  affords  an  interesting  illustration ,  and  was  visited  in 
the  autumn  of  1879  by  the  members  of  the  Iron  and  Steel 
Institute^  in  whose  Journal  the  following  account  appears  : — 

"  The  Pemberton  Colliery  has  two  shafts,  sunk  to  a  depth  of 
624  yards, — a  downcast  and  an  upcast.  The  downcast  is  17  feet 
4  inches  in  diameter  at  the  top  and  16  feet  at  the  bottom.  The 
shafts  were  sunk  by  means  of  two  pairs  of  horizontal  engines, 
with  cylinders  16  inches  diameter  and  8  feet  stroke.  Down  each 
side  of  the  shaft  run  pairs  of  railway  metals,  which  form  guides 
for  the  cages.  The  cages  each  hold  six  tubs,  are  made  of  steel, 
and  weigh  28|  cwts.  The  tubs  also  are  made  of  steel,  weigh 
8f  cwts.,  and  carry  about  7J  cwt.  of  coal.  The  ropes  are  steel, 
and  taper  from  If  inch  to  If  inch,  and  weigh  about  8  tons. 
The  heapsteads  are  well  arranged  and  substantially  built ;  one  of 
iron,  and  the  other  of  iron  and  stone  combined.  The  screening 
arrangements  are  well  planned.  After  the  round  coal  has  passed 
the  ordinary  screen,  the  remainder  falls  through  an  iron  hopper 
into  a  long  tube  containing  an  18-inch  worm  or  creeper,  along 
which  the  coal  is  carried  into  a  well,  whence  it  is  mechanically 
lifted  into  the  apparatus  house,  and  passing  through  revolving 
screens,  is  dischai^ed  into  waggons,  in  its  various  sizes. 

**  The  coal-washing  apparatus  is  of  the  ordinary  kind,  the 
washed  coal  being  converted  into  coke  on  the  premises.  The 
engine-house  is  a  fine  building,  containing  two  pairs  of  86-inch 
cylinder  horizontal  winding  engines,  with  6-feet  stroke.  The 
winding  drums  are  conical  in  form,  with  a  maximum  diameter 
of  80  feet  6  inches,  and  a  minimum  diameter  of  19  feet,  arranged 
for  winding  from  the  depth  of  624  yards  in  22  revolutions. 
The  centre  lines  of  the  pulleys  are  on  the  flat  part  of  the 
top  of  the  drums,  and  consequently  there  is  no  chance  of  the 
rope  slipping,  while  an  additional  protection  is  afforded  by  the 
eoUing  of  the  rope  in  a  spiral  groove.  The  pulleys  are  18  feet 
in  diameter.  The  boilers  are  16  in  number,  each  28  feet  long, 
and  having  two  flues,  each  2  feet  10  inches  in  diameter.  A 
capstan  engine  is  placed  on  the  ground  floor  of  the  engine-house, 
which  can  be  adapted  to  either  shaft  in  case  of  emergency.  For 
this  purpose  centre  pulleys  have  been  fixed  in  the  head-gear. 
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The  colliery  is  ventilated  by  a  Guibal  fan,  constructed  of  steel, 
and  measuring  46  feet  in  diameter  and  15  feet  in  width.  The 
length  of  the  shaft  is  19  feet  8  inches,  and  its  diameter  in  the 
centre  16^  inches,  and  at  the  pedestal  end  12  inches.  At  the 
crank  end  the  bearings  are  18  inches  long,  and  engines  have  been 
specially  adapted  to  work  the  fan.  There  are  two  cylinders 
86  inches  in  diameter,  with  a  stroke  of  3  feet  6  inches.  One  of  the 
cylinders  is  sufficient  to  work  the  fan,  but  the  other  can  be  applied 
in  a  few  minutes  without  interfering  to  any  perceptible  extent  with 
the  ventilation.  The  shaft  is  covered  at  the  top  with  two  doors, 
and  the  air  enters  the  fan-house  by  means  of  a  culvert.  At  the 
top  of  the  drift,  between  the  fan  and  the  shaft,  there  is  an  escape 
chimney  provided  with  four  doors,  so  that  in  case  of  an  explosion 
the  blast  would  pass  through  these  doors,  and  also  through  the 
door  in  the  pit-scaffold,  without  injuring  the  fan. 

"The  fan  is  calculated  to  produce  247,000  cubic  feet  per 
minute  at  53  revolutions  and  8|-inch  water-gauge.  The  fan- 
engine  was  constructed  by  Messrs.  Baker  and  Valiant,  of  Wigan, 
and  the  fan  by  the  Staveley  Iron  Company.  At  this  colliery  has 
been  introduced  a  new  system  of  working  the  coal  by  means  of 
compressed  air,  invented  by  Mr.  E.  Beuss.  In  this  system  a 
circular  hole  is  bored  into  the  face  of  the  coal  for  the  reception 
of  a  cast-iron  cartridge,  which  is  connected  with  a  powerful 
hand  air-compressor.  The  cartridges  are  simply  hollow  castings, 
about  14  inches  long  and  8  inches  in  diameter,  having  one  end 
solid  and  the  other  tapped  to  receive  the  tubing.  The  cartridge 
having  been  inserted  in  the  coal,  the  air-compressor  is  started,  and 
when  the  required  pressure  has  been  reached  the  cartridge  bursts 
with  a  sharp  report,  bringing  down  the  coal  ready  for  loading." 

2>istribiitio]i  of  Coal.  —  Foremost  amongst  the  railways  in 
the  movement  of  coal,  the  produce  of  Lancashire,  is  the  London 
and  North-Western,  whose  system  traverses  the  coal-field  in  all 
directions.  In  the  year  1854  this  system  carried  from  Lancashire 
1,248,461  tons,  increased  in  1859  to  1,411,000  tons.  Since  1859 
the  total  weight  of  coal  carried,  distinguishing  that  passed  on 
other  lines  from  that  carried  on  the  North- Western  system,  will 
be  seen  in  the  subjoined  table,  amounting  in  the  last-named  year 
to  7,024,080  tons,  of  which  5,676,094  tons  were  conveyed  to 
stations  on  the  London  and  North- Western  Eailway,  and 
1,847,986  tons  to  stations  on  the  lines  of  other  companies. 
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To  Stations  on 

To  Stations  on 

Years. 

London  and  North- 

other  Com])anie8' 

Total. 

Western  Railway. 

Lines. 

Tons. 

Tons. 

Tons. 

1859 

•  •  • 

•  •  • 

1,411,000 

1862 

•  •  « 

... 

1,641,391 

1863 

•  •  • 

«  •  « 

1,796,035 

1864 

«  •  • 

•   •  V 

2,557,087 

1865 

•  •  • 

•  •  • 

3,440,778 

1866 

•  V  • 

•  •  • 

3,321,737 

1868 

3,375,597 

366,378 

3,741,975 

1869 

3,790,482 

420,698 

4,211,080 

1870 

4,350,634 

617,251 

4,967,785 

1871 

4,612,476 

824,574 

6,437,060 

1872 

6,127,663 

570,596 

5,698,268 
5^415,063 

1873 

4,618,324 

796,739 

1874 

3,862,609 

1,043,885 

4,906,494 

1876 

4,604,432 

1,230,726 

5,835,168 

1876 

4,629,689 

1,349,685 

6,979,374 

1877 

4,812,141 

1,332,143 

6,144,284 

1878 

4,951,485 

1,263,974 

6,215,459 

1879 

5,464,701 

1,421,252 

6,885,953 

1880 

5,676.094 

1,347,986 

7,024,080 

The  Lancashire  and  Yorkshire  Railway  contributes  largely  to 
the  movement  of  Lancashire  coal ;  the  quantity  in  1869  was 
2,261,511  tons,  increasing  yearly,  as  shown  by  the  annexed 
statement : — 


Year. 

Qoantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1869 

2,261,511 

1876 

3,360,041 

1872 

2,874,637 

1877 

3,556,192 

1873 

2,781,805 

1878 

3,648,663 

1874 

2,859,742 

1879 

3,915,411 

1875 

3,285,434 

1880 

4,120,572 

The  Manchester,  Sheffield  and  Lincolnshire  Railway  also 
carries  coal  from  this  coal-field,  principally  to  Manchester, 
Ardwick,  Gorton,  Guide  Bridge,  Ashton,  and  Staleybridge ;  the 
quantities  received  and  forwarded  are  as  follows : — 


Year. 

Received. 

Foni'arded. 

1                1 

Year. 

Received. 

Forwanled. 

Tons. 

Tons. 

Tons. 

Tons. 

1860 

99,922 

11,581 

1865 

63,152 

1,285 

1861 

107,834 

16,228 

1866 

80,428 

3,694 

1862 

74,192 

19,637 

1867 

39,870 

6,938 

1863 

79,287 

307 

1868 

24,659 

2,708 

1864 

63,577 

571 

1869 

18,191 

1,690 

Q 
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The  returns  of  later  years  appear  in  a  different  form  and  show 
the  quantities  carried  by  the  same  railway  system  from  Ashton- 
nnder-Lyne  and  Wigan  : — 


Yew. 

Wigan. 

Ashton-nnder-Lyne. 

Total. 

Tods. 

Tons. 

Tons. 

1870 

1,672 

12,255 

13,927 

1871 

2,864 

9,613 

12,477 

1872 

15,357 

13,783 

29,140 

1873 

9,896 

17,632 

27,428 

1874 

10,173 

12,487 

22,604 

1876 

6,346 

17,867 

24,203 

1876 

32,122 

20,463 

62,675 

1877 

23,218 

38,690 

61,808 

1878 

21,262 

24,667 

46,929 

1879 

27,404 

29,632 

56,936 

1880 

23,066 

32,842 

56,908 

Following  the  distribution  of  coal  by  canal  in  Lancashire,  the 
first  return  met  with  of  the  coal  traffic  of  the  Bridgewater  Navi- 
gation is  for  the  year  1868,*  when  501,614  tons  were  conveyed 
from  the  Worsley  coal-field ;  411,191  tons  from  the  Wigan  co«i- 
field,  and  6,607  tons  from  the  Saint  Helen's  district;  giving  an 
aggregate  carried  of  918,212  tons.  The  importance  of  the 
Bridgewater  Canals,  and  the  great  facilities  they  afforded  at  an 
early  period  for  the  conveyance  of  merchandise  and  minerals 
long  before  the  introduction  of  railways,  is  thus  referred  to  by 
a  local  historian,  Aitkin  : — "  When  the  Duke  of  Bridgewater 
undertook  this  great  design  (the  construction  of  the  Bridgewater 
Canal),  the  price  of  carriage  on  the  river  navigation  was  12«. 
the  ton  from  Manchester  to  Liverpool,  while  that  of  land  car- 
riage was  405.  the  ton.  The  Duke's  charge  on  his  canal  was 
limited  by  Statute  to  16a.,  and  together  with  this  vast  difference 
it  had  aU  the  speed  and  regularity  of  land  carriage.  The 
articles  conveyed  by  it  were  likewise  much  more  numerous  than 
those  by  river  navigation.  Besides  manufactured  goods  and 
their  raw  materials,  coals  from  the  Duke's  own  pits  were  de- 
posited in  yards  at  various  parts  of  the  canal  for  the  supply 
of  Cheshire."  t 

The  only  other  statement  throwing  light  on  the  coal  traffic 

*  Coal  Commission  Report,  vol.  iii.,  p.  81. 

f  Aitkin's  "  Description  of  the  Country  zx>iLnd  Ifanchester/'  p.  116. 
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of  the  Bridgewater  Navigation  Company  is  for  the  years  1878, 
1879,  and  1880  when  the  quantities  carried  were  as  follows : — 


Bistricta. 

1878, 

1879. 

1880. 

Beodyed  from  the  Wigan  Dis-  ^ 
trict  by  the  Leeds  and  liver-  > 
pool  C&nal  .        .        .        .  \ 

From  Worsley  and  other  Col-  i 
lieries 

Total    . 

Tona. 
313,000 

507,000 

Tone. 
260,000 

498,000 

Tons. 

315,000 
512r,000 

620,000 

758,000 

827,000 

The  Leeds  and  Liverpool  Canal  also  carries  large  quantities 
of  coaly  for  shipment  in  all  directions  from  Lancashire  and 
Yorkshire,  amounting  in  1878  to  1,150,000  tons,  1,186,000  tons 
in  1879,  and  1,301,105  tons  in  1880. 

A  writer  in  the  Colliery  Ouwrdiany*  referring  to  the  small 
amount  of  coal  shipments  from  Lancashire,  remarks,  ''  There 
are  few  coal-fields  whose  trade  it  is  more  difficult  to  give  an 
account  of  than  Lancashire.  The  fact  that  it  is  the  busiest 
and  most  populous  county  in  the  United  Kingdom  no  doubt 
accounts  for  the  fact,  that  the  consumption  of  coal  is  almost 
entirely  local.  There  is  no  coal-field  that  exports  less  coal, 
nor  is  this  surprising,  for  in  previous  years  when  the  production 
was  less  than  it  is  now,  large  quantities  had  to  be  imported. 
Now,  however,  the  local  supply  has  risen  to  the  requirements. 
As  to  the  chief  sources  of  consumption  they  are  almost  too 
numerous  to  mention.  Some  of  the  largest  ironworks  in  the 
kingdom  are  in  Lancashire,  but  those  do  not  rely  on  Lanca- 
shire coal.  Hence  the  supply  and  demand  are  not  so  directly 
affected  by  the  manufacture  of  crude  iron  as  might  at  first  sight 
appear.  On  the  other  hand,  the  textile  industries  of  Lancashire 
are  the  largest  in  the  kingdom,  but  cotton-mills  do  not  consume 
much  coal ;  and  the  years  of  greatest  coal  production  have  been 
those  when  the  mills  were  least  active.  The  general  and  domestic 
consumption,  however,  must  be  large  : — ^within  the  radius  of 
local  consumption,  nearly  equal  to  that  of  the  London  district ; 
and  we  know  that  the  general  and  domestic  consumption   of 

•  "  Ten  Years  of  Coal  Mining,**  Lancashire.    August  20,  1880,  p.  291. 

O  2 
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London  is  about  nine  millions — one-half  of  the  total  production 
of  Lancashire.  The  population  of  Lancashire,  however,  is  pre- 
eminently an  industrial  one,  and  it  is  not  difficult  to  imderstand 
how  her  teeming  industries  can  consume  as  much  more  coal  as 
the  general  and  domestic  consumption.  Nearly  a  million  tons 
are  shipped  at  Liverpool,  but  compared  with  other  districts  having 
access  to  the  sea,  its  coal  shipments  are  remarkably  small. 

The  total  shipments  of  coal,  coastwise  and  to  foreign  countries, 
from  Lancashire,  in  which  the  shipments  from  Cheshire  are  in- 
cluded, were  as  follows,  in  each  year  given  : — 


Year. 

Coastwise. 

Exported. 

Total. 

Tons. 

Tons. 

Tons. 

1842 

165,428 

125,357 

290,785 

1845 

165,018 

125,852 

290,870 

1850 

279,364 

264,892 

544,256 

1860 

358,654 

604,168 

962,822 

1870 

680,726 

561,567 

1,142,293 

1875 

582,989 

717,104 

1,240,093 

1876 

503,555 

730,750 

1,234,305 

1877 

512,596 

721,560 

1,234,166 

1878 

569,885 

624,924 

1,149,809 

1879 

669,481 

563,693 

1,233,174 

1880 

753,804 

610,572 

1,364,376 

In  the  year  1879  the  details  of  the  coal  shipments,  coastwise 
and  exported,  were  as  follows,  from  Lancashire  and  Cheshire  : — 


Ports. 

Shipments 
Coastwise. 

Shipments 
Fort'ign. 

1 
Total          ! 
Shipments. 

Chester  . 

Liverpool    .         .     . 

Runcorn 

Pi-oston       .         .     . 

Fleetwood 

Barrow        .         .     . 

Lancaster 

Total     . 

Tons. 
53,455 
459,504 
65,165 
16,348 
84,721 

**2S8 

Tons. 

5,855 

549,742 

1,190 

6,030 
626 
250 

Tons. 

59,310 

1,009,246 

56,355 

16,348 

90,751 

626 

538 

669,481 

563,693 

1,233,174 

The  great  bulk  of  the  above  coal  being  despatched  from 
Liverpool,  the  chief  port  of  shipment,  it  will  be  interesting  to 
follow  the  increase  of  shipments,  coastwise  and  foreign,  from  that 
port.    It  must  be  borne  in  mind,  however,  that  although  the 
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great  bulk  of  the  coal  is  derived  from  the  Lancashire  coal-fields, 
that  shipped  at  Birkenhead,  included  in  the  port  of  Liverpool,  is 
derived  from  the  Cheshire  and  North  Wales  coal-fields,  while 
a  small  quantity  is  received  from  Yorkshire.  The  shipments  are 
as  follows  from  Liverpool : — 


Year. 

Coastwise. 

Foreign. 

Total. 

Tons. 

Tons. 

Tons. 

1842 

56,218 

117,718 

173,936 

1845 

29,289 

123,456 

152,745 

1847 

15,390 

106,197 

111,587 

1850 

117,209 

260,943 

378,152 

1852 

105,932 

277,645 

383,577 

1855 

105,030 

424,059 

629,089 

1858 

166,952 

474,713 

641,665 

1860 

160,238 

690,128 

750,366 

1865 

130,566 

616,976 

747,542 

1870 

141,353 

531,719 

673,072 

1871 

377,209 

688,085 

1,065,294 

1872 

357,940 

738,489 

1,096,429 

1873 

388,520 

591,368 

979,888 

1874 

286,001 

717,420 

1,003,421 

1875 

334,502 

704,496 

1,038,998 

1876 

303,269 

723,632 

1,026,801 

1877 

296.731 

715,594 

1,012,326 

1878 

362,381 

614,741 

977,122 

1879 

459,504 

549,742 

1,009,246 

1880  1 

487,547 

568,402 

1,055,949 

The  total  declared  value  of  coal  exported  in  1880  from  Liver- 
pool to  foreign  coimtries  was  £819,818,  giving  an  average  value 
of  Us.  6d.  per  ton,  compared  with  £608,196,  the  value  of  coal 
sent  to  foreign  countries  in  1872,  giving  an  average  of  16«.  6d. 
per  ton. 

Population  Employed  in  Coal-Mining. — The  total  number  of 
male  persons  employed  in  coal-mining  in  the  year  1864  was 
28,834  of  all  ages.  The  extensive  collieries  of  Messrs.  Andrew 
Knowles  and  Sons  at  this  period  were  producing  daily  about  two 
thousand  four  hundred  tons  of  coal.  It  further  appears  that  in 
Lancashire,  in  the  same  year,  an  ordinary  collier  in  a  Four-foot 
seam  worked  about  four  tons  a-day.  Each  collier  having  an 
assistant,  called  a  drawer,  who  trams  the  coal  to  the  horse-road 
or  the  shaft,  this  reduces  the  get  per  collier  to  two  tons  per  day, 
while  the  holidays  usually  accorded  to  underground  workmen 
further  reduced  the  average  get  per  person  to  the  amount  above 
stated.    In  1864,  for  the  first  time,  H.M.  Inspectors  ascertained 
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the  nnmber  of  persons  employed  in  and  about  the  coal-mines  of 
Ghreat  Britain,  and  in  that  year  the  number  in  North  and  East 
Lancashire,  known  as  the  Manchester  district,  was  28,625,  the 
coal  raised  amounting  to  5,998,875  tons.  The  Western  division 
of  Lancashire,  including  the  Wigan  and  Saint  Helen's  districts, 
being  grouped  with  North  Wales,  the  separate  numbers  engaged 
are  not  distinguished  before  the  year  1878. 

The  following  are  the  numbers  of  persons  employed  in  North 
and  East  Lancashire  and  North  Wales  between  the  years  1864 
and  1872,  with  the  quantities  of  coal  raised  in  each  year  and  the 
average  produce  per  man  : — 


Year. 

Number 
Employed. 

Coal  Raised. 

Average 
per  Man. 

Tons. 

Tons. 

1864 

23,525 

5,998,875 

255 

1865 

23,525 

6,312,000 

268 

1866 

25,440 

6,774,000 

266 

1867 

26,820 

6,844,000 

255 

1868 

26,360 

7,053,000 

267 

1869 

26,190 

7,020,000 

268 

1870 

26,200 

7,030,000 

268 

1871 

26,110 

7,576,800 

290 

1872 

28,657 

9,363,236 

326 

Li  the  year  1878  "  The  Coal  Mines  Regulation  Act "  came  into 
operation,  and  since  that  date  very  complete  information  is  found 
in  H.M.  Inspectors  of  Coal  Mines'  Reports,  distinguishing  the 
number  engaged  underground  and  above  ground  and  their  re- 
spective ages.  In  the  annexed  table  is  given  the  numbers  so 
employed  in  the  North  and  East  Lancashire  district,  with  the 
output  of  coals  *  and  average  produce  per  man : — 


Tear. 

E3CPLOTSD. 

Total  Employed. 

Coal  Raised. 

Average 
'  per  Man. 

Under 
Ground. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
26,429 
27,166 
27,305 
25,048 
24,154 
24,726 
25,495 
25,552 

Nos. 
5,453 
5,662 
5,701 
5,334 
5,190 
5,063 
5,262 
5,445 

Nos. 

31,882 
32,828 
33,006 
30,382 
29,344 
29,789 
30,767 
30,997 

Tons. 
8,063,855 
8,063,974 
8,881,137 
8,264,179 
8,741,387 
8,633,839 
8,993,697 
9,519,858 

Tons. 

253 

245 

263 

272 

298 

298 

292 

307 

*  H.M.  Inspectors  of  Mines  Beporta. 
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The  corresponding  figures  for  the  Western  district,  including 
Wigan  and  Saint  Helen's,  being  as  follows : — 


Tear. 

BUPLOTXO. 

Total  Employed. 

CoalBaiBed. 

Arerage 
per  Man. 

Under 
Ground. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
22,753 
22,709 
24,314 
23,230 
22,812 
23,177 
23,288 
23,314 

Nob.      - 
6,571 
6,813 
7,224 
6,963 
6,734 
6,203 
6,028 
5,932 

Nob. 
29,324 
29,522 
31,538 
30,193 
29,546 
29,380 
29,316 
29,246 

Tonn. 
7,818,112 
7,446,725 
9,048,914 
9,091,374 
8,952,425 
9,427,572 
9,562,170 
9,600,436 

Tona. 

266 

252 

287 

301 

303 

320 

325 

328 

Summarising  the  two  districts,  the  following  shows  the  total 
number  of  persons  working  underground  and  above  ground  in 
the  Lancashire  coal-fields,  with  the  coal  raised  and  the  average 
produce  per  man : — 


EXPLOTKD. 

Average 
per  Man. 

Tear. 

Under 

Above 

Total  Employed. 

Coal  Raised. 

Ground. 

Ground. 

Noa. 

Nob. 

Nos. 

Tons. 

Tons. 

1873 

49,182 

12,024 

61,206 

15,881,967 

260     . 

1874 

49,875 

12,475 

62,350 

15,510,699 

248 

1875 

51,619 

12,925 

64,544 

17,930,051 

277 

1876 

48,278 

12,297 

60,575 

17,455,553 

288 

1877 

56,966 

11,924 

58,890 

17,693,812 

291 

1878 

47,903 

11,266 

59,169 

18,061,411 

305 

1879 

48,783 

11,290 

60,073 

18,555,867 

309 

1880 

48,866 

.11,377 

60,243 

19,120,294 

327 

In  1870  the  total  coal  produced  in  Lancashire  was  18,810,600 
tons,  and  in  1880  the  returns  show  an  increase  of  5,809,694  tons, 
giving  an  increase  of  nearly  88  per  cent,  in  a  period  of  ten  years ; 
indeed,  in  no  other  coal-field  has  the  production  increased  so 
rapidly.  When  in  1872  and  1878  the  demand  for  coal  became 
so  considerable,  many  new  shafts  were  sunk  and  old  pits  re- 
opened to  meet  the  requirements  of  the  time,  and  when  the 
temporary  pressure  was  met  the  number  of  workings  was  reduced, 
prices  having  fallen,  rendering  the  continuance  of  operations 
unproductive.  Now,  however,  it  appears  that  those  collieries 
wbich   continaed  at  work  during  the  years  of  depression   are 
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producing  coal  in  larger  quantities  than  they  did  in  previous 
years  when  prices  were  better  than  they  at  present  are. 

From  the  above  figures  it  appears  that  the  individual  efficiency 
of  the  miner  has  greatly  increased  in  Lancashire  in  recent  years ; 
the  average  output  per  man  rising  from  260  tons  in  1878  to 
827  tons  in  1880,  equivalent  to  an  increase  of  25  per  cent. 

The  respective  ages  of  all  employed  in  coal-mining  in  Lan- 
cashire, as  previously  stated,  amounted  to  60,073  in  the  year 
1879 ;  the  details  appear  in  the  annexed  table : — 


All  Ages. 

Males  and 
Females. 

NORTH  AND  SAST. 

WEST. 

Total. 

Under 
Ground. 

Above 
Ground. 

Under 
Ground. 

Above 
Ground. 

From  10  to  12 

Males 

Nob. 
191 

Nos. 

•  •  • 

Xos. 

•  •  • 

Nos. 

•  •  • 

Nob, 
191 

„     12  to  13 

>> 

485 

•  a  • 

263 

•  •  ■ 

748 

„     10  to  13 

a 

•  •  • 

118 

•  •  • 

23 

141 

„     13  to  16 
„     13  to  16 

>> 

Females 

2,302 

291 
9 

1,817 

•  •  • 

366 
120 

4,776 
129 

Above  16 

Males 
Females 

Total    . 

22,617 

•  •  « 

4,616 
228 

21,208 

•  *  • 

4,269 
1,250 

52,610 
1,478 

25,495 

5,262 

23,288 

6,028 

60,073 

Price  of  Coal  and  Cost  of  Production.  —  About  the  year 
1860  the  cost  of  getting  coal  on  the  average  was  estimated  at 
4«.  6d.  per  ton  for  ordinary  coal,  and  68.  6d,  for  cannel  coal,  the 
former  selling  at  bank  at  6s.  3d.  per  ton,  although  a  short  time 
previously  it  did  not  exceed  5«.  6d.  per  ton.  For  many  years 
prices  did  not  exceed  6«.  per  ton  for  manufacturing  coal ;  in  1871 
and  1872  however  the  same  variety  rose  to  20«.  and  even  25».  per 
ton,  and  even  at  this  price  manufacturers  were  greatly  incon- 
venienced, being  unable  to  secure  a  supply ;  indeed,  it  was  not 
uncommon  at  the  period  referred  to,  to  use  the  best  house  coal 
instead  of  ordinary  steam  coal  for  manufacturing  purposes. 

The  following  table  shows  generally  the  prices  ruling  in  the 
Manchester  district,  at  the  pit's  mouth,  in  the  year  1870 : — * 

OOLLIERIES. 

Altham  (coal),  6a. 

Bank  Hey  (coal),  58,  Sd, 

BiiHe  Dean  Tcoal),  ^s,  6d. 

Breightmet  (nonse  coal),  Is,  6d, ;  (engine  coal),  4^.  9d 

*  Coal  Commission  Heport,  vol  iii.,  Appendix,  p.  213,  prices  at  the  plt*s  month. 
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Broadfield  (coal),  5«.  9d.,  Bs.,  I2s.  6d. 

Combermere  (ooal),  4«.  6d, 

Qreat  Lever  (best  coal),  10«.  ;  mixed,  Ss, ;  steam,  oa. 

Lower  Moor  (best  coal],  10a.  6d, ;  small,  6a. 

Bedsham,  da.  to  8a.  4d» 

Stand  Hill  (coal),  5a.  3(2. 

Wbarton,  best,  6a  Sd, ;  riddled,  5s,  5d. ;  burgie,  3a.  9d, ;  slack,  2a.  6d, 

Tyldesly,  8a.  9^.  summer ;  9a.  id.  winter. 

In  the  Saint  Helen's  distiict  prices  averaged  from  4s.  6d.  to 
58.  6d.  per  ton.  And  in  the  Wigan  district  prices  varied,  best 
coals  from  58.  9d.  to  78.  6d.  per  ton ;  common  from  48.  Sd.  to  58. 
and  slack  from  2».  4d.  to  Ss.  per  ton.  From  the  evidence  of 
Mr.  Alfred  Hewlett,  the  Managing  Director  of  the  Wigan  Coal 
and  Iron  Company,*  in  whose  collieries  some  10,000  persons  are 
employed,  producing  nearly  2,000,000  tons  of  coal  per  annum, 
some  very  important  facts  are  gathered.  In  referring  to  the  con- 
dition of  the  coal  trade,  he  says, — "  From  1867  to  1870  the  coal 
trade  of  the  district  was  in  a  very  depressed  state,  large  stocks 
were  accumulating  on  the  pit  banks  and  on  the  wharves  ;  prices 
were  very  low.  Competition  for  a  market  consequently  ran  high, 
and  the  pits  were  obliged  to  be  put  on  very  short  time,  in  many 
cases  half-time,  owing  to  the  absence  of  demand.  An  improve- 
ment sprung  up  towards  the  end  of  1870,  but  stUl  the  standard  of 
production  of  1867  has  not  since  been  reached."  Again,  referring 
to  the  price  realised  for  coal  since  1867,  he  observes : — "  Taking 
1867  as  the  datum,  in  1868  the  average  price  of  coal  was  6^  per  cent, 
less  than  in  1867 ;  in  1869  it  was  91^  per  cent,  less  than  in  1867 ; 
in  1870  it  was  also  9  J  per  cent,  less ;  in  1871  it  was  8  per  cent. 
less ;  in  1872  it  was  84  per  cent,  more  than  in  1867 ;  and  for  the 
first  quarter  of  1878  it  was  82J  per  cent,  higher  than  in  1867  ; 
the  above  represent  prices  at  the  pit's  mouth." 

About  this  time  (April,  1878),  the  average  earnings  of  the 
colliers,  working  from  eight  to  eight  and  a  half  days  in  the  fort- 
night, were : — ^in  the  Cannel  Mine,  one  man  earned  18«.  Id. ;  another, 
108.  4d.;  another,  ll8.  2^d.;  another,  158.  O^d. ;  another, 
18s.  4^d.  In  another  seam,  at  the  same  time,  one  man  earned 
98.  Sd. ;  another,  18s.  4^d. ;  another,  15s. ;  another,  12s.  Id. ; 
another,  lis.  9d.  The  general  effect  of  the  operation  of  "  The 
Coal  Mines  Regulation  Act,  1872,"  being  to  increase  the  cost  of 

*  Select  Committee  on  Coal  Beport,  1873,  pp.  72 — 74. 
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production  from  Is.  4d.  to  l^.  8d.  per  ton,  due  to  the  restric- 
tions as  to  employment  of  boys  underground,  the  provision  for 
weighing,  and  the  decrease  in  the  hours  of  labour. 

In  the  years  1878,  1879,  and  1880  the  average,  with  the  highest 
and  lowest  prices  of  coal  and  slack  at  the  pit's  mouth,  was  as 
under : — 


Year. 

COAL. 

SLACK. 

Average. 

Highesit        Lowest. 

Average. 

Highest. 

Lowest 

1878 
1879 
1880 

*.      d. 
9    0 
8     6 
8     9 

s.     d. 
13     0 
20*  0 

18*  9 

«.     d. 
7     0 
6     0 
6    8 

5     0 
4     4 
4     6 

$.      d. 

6    8 
0  10 
5    6 

«.      d. 
3    0 
2    0 
2     6 

In  December,  1880,  the  best  qualities  of  Lancashire  house- 
coal  were  to  be  bought  at  from  8«.  6d.  to  9».  6d.  per  ton ;  seconds 
from  6«.  6d.  to  Is. ;  common  round  coal,  5s.  6d.  to  65.  6d. ; 
burgie,  4£.  to  4s.  M.,  and  good  slack,  4s.  to  4s.  6d.  per  ton  at  the 
pit's  mouth.  Now,  in  March,  1881,  best  coal  is  quoted  at  10s.  to 
10s.  6d. ;  seconds,  Ss.  to  8s.  6d. ;  common  coal,  6s.  6d.  to  7s. ; 
burgie,  Bs.  to  5s.  lOd.,  and  slack,  4s.  to  4s.  6d.  per  ton ;  these 
increased  prices  being  due  to  the  recent  strike  extending  through 
the  Lancashire  coal-field,  involving  a  complete  stoppage  of  work 
on  the  part  of,  at  least,  50,000  men  and  boys  for  nearly  three 
weeks,  including  the  colliers  and  day  men  employed  about  the 
pits.  In  the  Manchester  and  Bolton  districts,  from  18,000  to 
14,000  men  ceased  work,  during  the  period  of  the  strike  extend- 
ing over  a  period  of  nearly  six  weeks,  and  in  the  West  Lanca- 
shire district,  at  one  period  36,000  to  37,000  men  were  out 
during  the  period  of  the  dispute,  extending  to  nearly  two 
months. 

Besonrces  of  Coal-field  and  Probable  Duration. — The  total 
area  of  the  Lancashire  coal-field  amounts  to  6,862,890  statute- 
foot  acres  of  coal  wrought  and  imwrought,  excluding  all  seams 
that  are  not  of  workable  thickness.  Of  this  acreage  the  portion 
already  wrought  amounts  to  597,604  statute-foot  acres,  leaving 
5,264,786  statute  foot  acres  for  future  supplies.  From  this  area, 
however,  necessary  deductions  are  made  for  faults,  supports, 

*  Cuinel  Coal. 
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barriers,  Sec,  leaving  unwrought  and  likely  to  be  clear  for  working, 
8,883,872  statute-foot  acres.  In  computing  the  available  quantity 
of  coal  in  this  acreage  (5,486  millions  of  tons),  one-fourteenth 
has  been  allowed  for  unavoidable  loss,  waste  in  working,  the 
actual  estimated  quantity  of  coal  obtained  from  each  foot-acre 
being  taken  at  1,400  tons  of  2,240  lbs.  each. 

Taking  the  production  of  Lancashire  (1870),  when  the  output 
was  18,810,600  tons,  sufficient  coal  remains  from  that  date  for  a 
period  of  893  years.  The  total  production  during  the  past  ten 
years  amounts  to  165,318,801  tons ;  this,  deducted  from  original 
estimate,  leaves  6,270,686,699  tons ;  and  taking  16,518,880  tons, 
the  average  output  of  the  ten  years,  there  would  be  sufficient  to 
last  for  817  years ;  while  at  the  rate  of  consumption  in  1879, 
when  the  production  was  18,612,845  tons,  the  resources  of  the 
coal-field  would  be  exhausted  in  288  years,  and  as  production  will 
increase,  at  an  earlier  period. 

From  the  reports  of  H.M.  Inspectors  of  Mines  for  the  year 
1880,  it  appears  the  total  production  of  the  Lancashire  coal-field 
exceeded  that  of  any  previous  year,  the  output  amounting  to 
19,120,294  tons ;  at  this  rate  of  production  the  exhaustion  of  the 
Lancashire  coal  deposits  would  take  place  about  275  years  hence. 


CHAPTEK    V. 

CHESHIRE   COAL-FIELD. 

Degcription  of  Coal-field  and  Principal  Seams — Analyses,  Production,  and  Distri- 
bntlonof  Coal — Population  Employed  in  Coal  Mining — Besources  of  Coal- 
field and  probable  Duration. 

The  Cheshire  Coal-fleld. — This  coal  tract  lying  to  the  south 
of  the  Biver  Mersey  has  its  most  northern  part  situated  near 
Stockport,  the  central  portion  lies  east  of  Poynton,  and  the 
southern  termination  of  the  coal-field  is  near  Macclesfield.  The 
annexed  section  shows  the  order  of  occurrence  of  the  coal  series 
in  the  neighbourhood  of  Bredbury,  near  Stockport,  where  the 
following  seams  have  been  worked  at  the  Bredbury  collieries.* 

COAL-SERIES  OF  BrEDBURY,  CHESHIRE. 

Ft.  In. 

Black  Mine  (ooal) 4    0 

Sti-ata 24    0 

Coal 0  10 

Strata 27    0 

Coal  and  Dirt 2    0 

Strata 105    0 

(Coal    1     3) 

Stone  Mine  <  Stone  10> 33 

(Coal    1     O) 

Strata 45    0 

Cannel  Mine  (common  coal  here) 14 

Strata 96    0 

Peacock  or  King  William  Coal 2    6 

Strata 75    0 

Coal 0  10 

Strata 76    0 

Coal 1  10 

Strata 45    0 

Silver  Mine  (good  coal) 3    2 

Below  tliese  occur  the  following  coals  not  worked  at  Bredbury : — 


(Coal    3    0) 
Water  Mine  {  Shale  1     0  > 5    0 

(Coal    1     0) 
Bosemary  Mine  ) 

Upper  Woodley  Mine  >  Thickness  uncertain. 
Lower  Woodley  Mine  ) 


"  Explanation  Horizontal  Section  of  Sheet  65."     GeoL  Surrey  of  Great  Britain* 
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Professor  Hull,  referring  to  this  coal-field,  says  it  is  bounded 
along  the  west  by  Triassic  and  Permian  rocks,  which  are  brought 
in  along  the  line  of  the  ''  Bed  Bock  fault  of  Cheshire,"  and  that 
several  valuable  seams  of  coal  occur,  including  the  ''  Mill  Mine  " 
4  J  feet  thick ;  the  "  Sheepwash  Mine  ;  "  the  "  Great  Mine  ; "  the 
"  SUver  Mine  ;  "  the  "  New  Mine ; "  and  the  "  Bedacre  Mine,'' 
which  represents  the  Arley  or  Boyley  Mine.* 

Analysui  of  Cheshire  CoaL — The  character  of  the  Cheshire 

coal  will  be  understood  from  the  results  of  the  annexed  analysis 

showing  the  composition  of  coke  made  from  coal  raised  from  the 

Dukinfield  Colliery ;  the  analysis  is  given  by  Dr.  Percy  in  his 

Metallurgy,  and  was  made  by  Mr.  C.  Tookey  in  the  laboratory 

of  the  Boyal  School  of  Mines : — 

Carbon 85*84 

Hydrogen 0*52 

Oxygen  and  Nitrogen 1-38 

Sulphur 0-86 

Ash _i\:^9 

l^OOf 

Coke,  Dr.  Percy  remarks,  "  consists  essentially  of  carbon  and 
the  fixed  inorganic  matter  of  the  coal  from  which  it  has  been 
derived,  but  contains,  also,  hydrogen,  nitrogen,  and  oxygen  with 
sulphur  in  the  state  of  sulphide  of  iron.  Half  the  sulphur  in 
the  original  coal,  or  thereabouts,  is  found  in  the  coke  made  from 
it ;  the  bisulphide  of  iron  in  the  coal  being  converted  into  proto- 
sulphide  by  the  burning  off  of  one  equivalent  of  the  sulphur,  and 
the  production  of  sulphurous  acid.'* 

The  Cannel  coal,  raised  by  the  Dukinfield  Coal  and  Cannel 
Company  from  their  Dunkirk  Colliery,  where  the  seam  averages 
2  ft.  6  in.  in  thickness,  has  been  examined  by  Mr.  Robert  J. 
Toothill,  analytical  chemist  of  Manchester,  with  the  following 

results : — 

Tabxtlated. 

Yield  of  gas  per  ton 9962  cubic  feet. 

Temperature  eoTahr 

Illuminating  power =25*5  candles. 

Coke  fhot) 13  cwts.  3  qrs. 

Coke  (slacked)  ready  for  sale  .        .15  cwts.  3  qrs.  16  lbs. 

Water 15  gallons. 

Specific  gravity  4* at  60°  Fahr. 

Tar 15  gallons. 

Specific  gravity  28" at60°Fahr. 

Coke good. 

•  "Geology  of  Stockport,  &c."  Mem.  Geol.  SuiTcy,  p.  29. 
t  "  Percy's  Mfctalliiigy/»  Fuel,  p.  417. 
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The  Cannel  nuts  raised  by  the  same  company  yielded  per  ton 
9,700  cubic  feet  of  purified  gas,  at  a  temperature  of  60  degrs. 
Fahr.  illuminating  power  =  18*6  candles. 


Cokefhot)    .       .       .       . 
Coke  (slacked)  ready  for  sale 
Water,  9  ealls.  1  qrt.    . 
Tar,  12  gaJls.  2  qrts.  . 


.    13cwts.  0  qrs.  12lbe. 

16  cwts.  0  qrs.  24  lbs. 

Specific  gravity  5  J^  at  60*  Fahr. 

„  „      26J**  at  60*  Fahr. 


The  mine  fi'om  which  the  above  Dunkirk  cannel,  and  cannel 
nuts,  are  obtained  is  termed  the  Cannel  Mine.  Its  depth  at  the 
above  company's  Astley  Deep  Pit  from  the  surface  is  786  yards, 
it  being  fifty  yards  below  the  well-known  Black  Mine  of  the 
district  to  which  the  shafts  of  the  company  are  sunk.  It  is  got 
at  by  tunnels  from  the  last-named  mine. 

Frodiiction  and  Distribution  of  CoaL — The  Cheshire  collieries, 
although  yielding  a  notable  quantity  of  coal,  are  not  accredited 
with  returns  of  production  prior  to  the  year  1864.  It  is  probable 
that  the  returns  of  the  Lancashire  coal-field  at  an  early  period 
included  the  Cheshire  coal.  In  the  year  above-named,  82  collieries 
in  operation  gave  an  output  of  786,500  tons  of  coal,  of  which 
quantity  the  London  and  North- Western  Bailway  carried  157,505 
tons,  to  the  great  industrial  centres  of  Manchester,  Macclesfield, 
Stockport,  &c.  The  output  of  the  coal-field  and  the  number  of 
the  collieries  in  recent  years  are  as  imder : — 


Year. 

Nninber  of 
Collieries. 

Coal  BAi8ed. 

Tear. 

Number  of 
Collieries. 

Coal  Raised. 

Tons. 

Tons. 

1855 

32 

755,500 

1868 

29* 

937,500 

1856 

32 

754,327 

1869 

28* 

957,150 

1857 

31 

750,500 

1870 

29 

929,150 

1858 

35 

695,450 

1871 

29 

975,000 

1859 

35 

700,000 

1872 

31 

t 

1860 

35 

750,500 

1873 

31 

1,150,500 

1861 

39 

765,570 

1874 

36 

615,105 

1862 

39 

787,750 

1875 

37 

658,945 

1863 

39 

822,750 

1876 

39 

584,580 

1864 

38 

821,700 

1877 

36 

645,500 

1865 

39 

850.000 

1878 

33 

616.575 

1866 

38 

893,000 

1879 

26 

720,350 

1867 

39 

935,000 

1880 

30 

681,000t 

*  Seyeral  fmall  collieries  chiefly  near  Macx^lesfield  ceased  to  work  in  those 


years. 


t  Included  in  North  Staffordshire.    Production  not  less  than  1,000,000  tons. 


X  Beport  H.M.  Inspectors  of  Mines. 
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In  Cheshire  the  chief  of  the  great  railway  lines  is  the  London 
and  North- Western,  passing  by  the  south,  to  Stafford,  Crewe 
and  Warrington  to  the  north.  From  Crewe  branches  pass  to 
Stockport  and  Manchester  on  the  east,  and  to  Chester  and 
Birkenhead  on  the  west.  At  Crewe,  it  may  be  mentioned,  is 
situated  the  great  engine  factory  and  steel  works  of  the  London 
and  North-Western  Kailway,  which  Une  carried  coals  from 
Cheshire  as  follows  in  each  of  the  years  named : — 


Year. 

Qaan  titles. 

Year. 

Quantities. 

1854 
1855 
1859 
1860 

Tons. 
157,595 
100,000 
160,000 
150,000 

1864 
1865 
1866 
1868 

Tons. 
110,891 
123,588 
135,092 
148,236 

These  quantities  include  coal  carried  by  the  company  and 
passed  oyer  to  other  lines,  which,  in  the  returns  of  later  years, 
are  separately  distinguished  as  under : — 


Year. 

Stations  on  London  and 
North-western  Line. 

Stations  on 
Other  Lines. 

Total  Carried. 

Tons. 

Tons. 

Tons. 

1869 

121,202 

2,964 

123,896 

1870 

103,885 

599 

104,484 

1871 

140,452 

773 

141,225 

1872 

132,775 

239 

133,014 

1873 

100,354 

7,226 

107,580 

1874 

117,624 

1,390 

119,014 

1875 

135,304 

619 

135,923 

1876 

147,741 

685 

148,426 

1877 

157,080 

271 

157,361 

1878 

155,062 

310 

155,372 

1879 

168,761 

338 

169,099 

1880 

179,108 

5,707 

184,815 

It  is  not  an  easy  matter  to  determine  the  quantities  of  coal 
exported  from  this  coal-field;  much  of  it  being  shipped  from 
ports  on  the  Mersey,  and  this  is  included  in  the  returns  of  the 
port  of  Liverpool.  The  shipments  from  the  port  of  Chester 
to  foreign  parts  show  but  little  variation;  but  the  shipments 
coastwise  show  a  great  diminution,  which  is  explained  by  the 
large  quantities  carried  by  railway.     The  movements  of  coal. 
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coastwise,  and  to  foreign  countries,  were  as  follows  in  each  of 
the  years  named : — 


Year. 

CoaHtwise. 

Foreign, 

Totol. 

TOIIH. 

ToHfl. 

Tons. 

1851 

101,044 

949 

101,993 

1854 

91,469 

360 

91,829 

1857 

73,850 

107 

73,957 

1800 

fi6,838 

200 

58,838 

1863 

61,866 

1,431 

63,297 

1866 

59,818 

600 

60,418 

1869 

73,813 

2,797 

73,610 

1872 

85,986 

7,098 

93,084 

1873 

109,023 

10,679 

119,702 

1874 

90,049 

7,959 

98,008 

1875 

96,842 

8,823 

105,665 

1876 

67,646 

6,137 

73,773 

1877 

^       83,512 

4,822 

88,334 

1878 

68,826 

4,602 

73.428 

1879 

53,455 

5,865 

64,310 

1880 

64,349 

7,679 

72,028 

Popnlatioii  amplosred  in  Coal-mining  in  Chttshire. — In  the 

year  1854,  the  number  of  persons  engaged  in  coal-mining  was 
2,618,  the  coal  raised  amounting  to  786,500  tons.  Twenty  years 
later  the  numbers  were  2866,  of  whom  2,258  were  engaged  under- 
gromid,  and  618  above  ground,  the  output  of  coal  being  614,956 
tons.  Since  the  year  1874  the  numbers  employed  and  coal  raised 
have  been  as  under : — * 


Yi-Jir. 


\su 

1875 
1876 
1877 
1878 
1879 
1880 


PKR.HOXS   EMPLOYED. 

Total. 

Cottl  Raised. 

Avenge 

per  Man. 

I'mlor 

A1k>vo 

(iixmiui. 

On>mul. 

N.>s. 

N.w, 

Nt'K. 

Tons. 

Tons. 

2,253 

613 

2,8()6 

614,956 

227 

2,059 

685 

2,744 

688,865 

251 

1,939 

699 

2.638 

594,300 

225 

1.814 

587 

2,401 

629,000 

261 

1,875 

684 

2.459 

617,000 

251 

1,S35 

549 

2,384 

723,200 

303 

1,961 

530 

2,491 

681,000 

273 

A  comparison  of  the  average  output  of  each  coUier  between 
the  years  1874  and  1879  exhibits  steady  working,  amounting 
to  an  increase  of  upwards  of  80  per  cent.,  the  average  per  man 

*  Beporte  of  H.M.  Inspectors  of  Mines. 
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increasing  from  227  to  803  tons ;  a  falling  off  appears  in  1880, 
the  average  per  man  not  exceeding  278  tons.  In  the  year  1879 
the  ages  of  those  employed  are  thus  distinguished : — 


AUAges. 

1                      1 

Under  Grocmd.      A1)ove  Ground.  |          Total. 

Fiom  12  to  13 

„     10  to  13    .     . 

„     13  to  16 
Aboye  16    . 

Total  . 

N08. 

20 

•  •  • 

141 
1,674 

Nob. 
•  >• 
10 
38 

501 

N08. 

20 

10 

179 

2,175 

1,835 

549 

2,384 

Sesonroas  of  Coal-Field  and  FrobaUe  Xhiration. — The  total 
area  of  the  Cheshire  coal-field,*  wrought  and  imwrought,  to  a 
depth  not  exceeding  4,000  feet,  amounts  to  286,797  statute  acres 
one  foot  thick.  Of  this  area  232,029  acres  occur  at  a  depth 
not  exceeding  8,000  feet ;  and  4,768  acres  at  a  depth  between 
8,000  and  4,000  feet. 

The  portion  already  wrpught  of  the  above  236,797  statute-foot 
acres  in  1870  was  40,000  acres,  leaving  at  that  date  196,797  acres 
for  future  use.  From  this  area  large  deductions  are  made,  for 
faults,  supports,  barriers,  &c.,  amounting  to  54,149  acres,  leaving 
portion  unwrought  and  likely  to  be  clear  for  working,  142,648 
acres  of  one  foot  in  thickness,  equivalent  to  200,000,000  tons  of 
coal. 

In  the  above  computation  the  Commissioner  allows  one- 
fourteenth  for  imavoidable  loss  and  waste  in  working,  or  1,400 
tons  per  statute-foot  acre. 

Considering  the  production  of  this  coal-field  in  1870,  amounting 
to  929,150  tons,  supplies  are  yet  available  for  215  years  from  that 
date.  During  the  ten  years  ending  1879  the  total  coal  raised 
amounted  to  79895,705  tons ;  this  deducted,  leaves  as  under : — 

voirs. 

Original  eetiinate,  1870 200,000,000 

Deduot  ten  years  ending  1879 7,895,705 


Total  available 


192,104,295 


A  reference  to  the  returns  of  production  shows  that  from  1870 
to  1878  the  maximum  was  attained,  amounting  to  1,150,500  tons. 

*  Beport  Bojal  Coal  CommiasloneHL    Mr.  Joseph  Dickinson,  yqI.  i.,  p.  18. 
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Since  1878  a  falling  off  has  taken  place,  the  output  in  1879  being 
720,850  tons.  It  therefore  appears  that  the  output  of  1879 
would  afford  supplies  for  266  years,  while  the  average  output 
of  the  ten  years,  namely,  789,570  tons,  would  give  248  years,  and 
the  output  of  1878,  the  year  of  greatest  production,  but  167  years 
for  the  exhaustion  of  the  coal  to  a  depth  of  4,000  feet. 

The  returns  for  the  year  1880  exhibit  a  decrease  compared 
with  the  previous  year,  the  quantity  not  exceeding  681,000  tons. 

Coal  nsed  in  XanufliMtiire. — ^An  important  industry  of 
Cheshire,  namely,  salt  manufacture,  employs  considerable  quan- 
tities of  coal,  of  which  it  appears  10  cwts.  are  used  in  the  manu- 
facture of  each  ton  of  s^t. 


CHAPTER    VI. 

DEBBTSHIRB  COAL-FIBLD. 

Betcription  of  Coid-field  and  Succession  of  Strata  at  Kilbume  and  Shipley 
Collieries— Analyses,  Production,  and  Distribution  of  Coal — Prices  of  Coal — 
Population  Employed  in  Coal  and  Ironstone  Mining— (Besources  and  Duration 
included  in  the  Great  Coal-field  of  York,  Derby,  and  Notts). 

Derbyshire  Coal-field. — This  coal-field,  with  that  of  Notting- 
hamshire, includes  the  southern  extension  of  the  Yorkshire 
coal-field.  The  succession  of  strata  in  Derbyshire  is  well 
illustrated  bj  the  following  section,  showing  the  coal  series  in 
descending  order  from  the  base  of  the  magnesian  limestone. 
The  section  is  taken  across  the  coal-field,  from  Wingfield  to  the 
escarpment  of  the  magnesian  limestone,  a  distance  of  nearly  seven 
miles : — * 

ST700E8SI0N  OP  Bt&jLTA. 

Ft.  In. 

Sandstones  and  shales 360  0 

Coai 2  10 

Strata 107  0 

Coai       .        , 2  1 

Strata 220  0 

BeamilBy  Top  Hard  CocU        ....         5ft.  lOin.  to  7  0 

Strata,  Brown  Bake  and  Black  Bake  ironstones .  470  0 

Soft  Coal  (generally  two  seams  with  partings)       .        .    .  6  0 

Strata 120  0 

I/>wer  Hard  Coal 3ft.0in.  to  4  0 

Strata 200  0 

Fvmace  Coal 2ft.  6in.  to  4  0 

!                                 Strata  with  nodular  ironstone 140  0 

GHkBUme  Clod  or  BJaek Shale  Coal         .        .        .  6fb.0in.  to  7  0 

i                                 Strata 386  0 

I                          EUbume  Coal 4ft.0in.  to  50 

Strata  with  Honeycrop  Ironstone        ....  200  0 

Winsfield  Flagstones 350  0 

Black  Shales -        .        .  300  0 

I                                Flagstones  and  shales 200  0 

CooZ  wim  a  floor  of  Ganister 10 

Flagstones  and  shales 125  0 

Oaniiter  Coal  (with  a  floor  of  Gh&nister)      .        .  2  0 

Flagstones  and  shales .  600  0 

Millstone  grit 

*  <<  Geological  Surrey  of  England  and  Wales."     Explanation  of  Horizontal 
Sections.    Sheet  60.    1869. 
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The  total  thickness  of  measures  in  the  above  section  down  to 
the  limestone  grit,  is  8,808  feet,  with  about  40  feet  of  work- 
able coal,  the  principal  seams  of  which  are  the  "  Top  Hard " 
and  the  "  Lower  Hard,"  the  "  Black  Shale  "  and  Kilbume  Goal. 
This  last-named  coal  is  the  lowest  workable  seam  above  the 
Ganister  coal,  and  the  following  is  the  section  of  the  strata 
above  and  beneath  the  coal  at  Kilbume  Colliery : — 


SECnOir  AT  KXLBXTBNE  COLLIERY. 


Shales 

Coal 

Sandstones  and  shales 

Coal 

Shales 

Coal 

Sandstones  and  shales 

Coal  and  sloom  (soft  day) 
Sandstx)nes  and  shales 

[  Coal    .     3ft.  lOin. 
Kilhime  Coali  Sloom.    0,,      2„ 
I  Coal    .     1  „      2  „ 
Clonch  (soft  day)  fall  of  *'  dogtootii "  ironstone. 
Ironstofie    .        •        ,        .        . 
Dark  bind        .... 

Ironstone 

Dark  shaley  bind 

^^M^^^^^    ,  Ironstone 

measures  \         Shaley  bind     .... 

Ironstone 

Shaley  bind     .... 

Ironstone 

Shaley  bind     .        .        .        . 


Ft  In. 


Ironstone 


29 

7 

2 

1 

65 

4 

1 

4 

58 

0 

1 

8 

95 

1 

2 

6 

111 

7 

5 

2 

2 

7 

0 

2 

2 

0 

0 

2 

1 

10 

0 

3 

3 

6 

0 

2 

2 

2 

0 

3 

2 

2 

From  the  outcrop  of  the  Kilbume  coal  the  dip  is  north  till  the 
centre  of  Shipley  Basin  is  reached,  where  the  beds  are  f!at,  and 
comprehend  all  the  coal-series  from  the  Top  Hard  seam  inclusive. 

The  following  are  the  names  of  the  coals  at  Shipley  Colliery : — 

Ft  In. 

Soft  Coal 16 

„         and  smut 2  10 

Soft  Coal 2    0 

Light-coloured  day 0    6 

Soft  Coal 1  10 

Light-oolonred  dod 0    4 

Soft  Coal 12 

Top  Hard  Coal 6    2 

Old  Greaves  Coal 3    0 

Soft  Coal 16 

0    9 
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Ft.  In. 

Waterloo  (JocA 3    8 

Soft  Coal 16 

2    0 

„ 14 

Cannd 2    0 

Soft  Coal 14 

Coal  and  shale 3    0 

Bright  Soft  Coal 4    3 

Bla<^  Olod  (Glay) 4    9 

Soft  Coal 0    9 

Bottom  Hard  Coal 5    6 


East  and  north  of  Shipley  Colliery  the  beds  rise  and  the  Top 
Hard  coal  crops  out. 

AnaljvM  of  Derl^yihire  CoaL — Of  the  various  coal  seams 
worked  in  the  Derbyshire  area  of  the  Midland  coal-field,  a  few 
of  the  more  important  will  show  the  general  character  and 
purposes  to  which  they  are  suited.  The  Top  Hard  Coal,  for 
example,  worked  at  Staveley  Colliery,  four  miles  N.E.  of  Chester- 
field, is  a  seam  of  great  regularity  in  its  occurrence,  with  an 
average  thickness  of  six  feet.  The  coal  is  described  as  a  *'  strong 
splint  which  may  be  exposed  for  years  to  atmospheric  influence 
without  change  or  waste,"  and  is  extensively  used  in  Derbyshire 
and  Yorkshire  in  the  various  stages  of  iron  manufacture.  In 
structure  these  coals  somewhat  resemble  silicified  wood,  but 
seem  to  have  two  distinct  planes  of  cleavage  at  right  angles  to 
each  other,  which  give  the  fragments  the  form  of  long  four-sided 
prisms,  which,  when  broken,  give  rise  to  splinters  of  the  same 
shape.  The  coal  is  usually  found  to  contain  quantities  of  iron 
pyrites  in  the  lines  of  cleavage,  and  when  tried  under  the  boiler, 
it  is  found  to  light  easily  and  bum  freely,  yielding  much  smoke, 
and  it  was  observed  that  when  a  firesh  charge  is  thrown  on  the  fire, 
a  crackling  is  heard  occasioned  by  the  decrepitation  of  the  coals. 

The  *'  Loacoe  Hard  and  Soft  Coais  "  are  two  seams  worked  at 
Loscoe  Colliery,  situated  on  the  borders  of  Nottinghamshire,  ten 
miles  firom  Derby,  and  twelve  from  Nottingham.  The  Hard 
Coal  seam  is  82  inches  in  thickness,  and  is  worked  at  a  depth 
of  180  yards  from  the  surface,  whilst  the  Soft  Coal  Seam  is  about 
12  inches  thick,  and  is  obtained  from  a  depth  of  112  yards. 
These  coals  differ  greatly  in  their  qualities,  the  '^  soft "  coal  being 
considered  a  good  household  and  gas  coal,  whilst  the  ^^  hard " 
is  chiefly  recommended  for  steam  purposes.     The  Loscoe  soft 
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coal  is  described  as  bright,  with  a  splintry  fracture  containing 
much  shale  and  iron  pyrites ;  the  harder  variety  is  duller  in  its 
general  appearance,  and  contains  thin  layers  of  very  bright  coal, 
together  with  iron  pyrites  and  white  shale. 

The  "  Langley  Hard  CoaV  This  coal  is  extracted  from  the 
Lower  Hard  coal  seam  of  Derbyshire  and  Nottinghamshire ;  at 
Heanor  in  the  former  county,  the  seam  is  three  feet  in  thickness, 
and  is  raised  at  a  depth  of  seventy  yards  from  the  surface.  This 
coal  finds  a  ready  market  in  the  neighbouring  counties  of  Notts, 
Lincoln,  Leicester,  Butland,  and  Northampton.  The  composi- 
tion of  the  above-named  coals  appears  in  the  annexed  analyses, 
to  which  is  added  the  specific  gravity  and  the  yield  of  coke : — * 


Con«titaent8. 

Stavdey 
"TopHard.- 

Loscoe 
Soft  Coal. 

Langley 
Hard  Coal. 

Carbon    . 

Hydrogen  .        .     . 

Nitrogen 

Sulphur              .     . 

Oxygen  , 

Ash    .        .        .     . 

Specific  gravity 
Coke  per  cent.    .    . 

79-85 
4-84 
1-23 
0-72 

10-96 
2-40 

77-49 
4-86 
1-64 
1-30 

12-41 
2-30 

77.97 
5-58 
0-80 
1-14 
9-86 
4-66 

100.00 

10000 

100-00 

1-27 

1-286 

1-264 

57-86 

52-80 

64-90 

Dr.  Percy  t  gives  the  following  analyses  of  Derbyshire  coals, 
the  first  consisting  of  the  average  of  a  mixture  of  thirteen  dif- 
ferent seams  worked  in  the  Benishaw  Colliery,  and  the  second  of 
coal    raised    at    the    Monkwood    Colliery  also    situated    near 

Chesterfield : — 

Besttlts  Tabttlated. 


CoDBtitaents.                             Benishaw. 

Monkwood. 

Carbon 

Hydrogen         .... 
Oxygen  and  Nitrogen  . 

Sulphur 

Ash 

Water 

77-12 
6-05 
8-08 
1-61 
6-82 
2-32 

83-18 
4-76 
6-79 
1-42 
1-70 
2-15 

100-00 

100-00 

♦  Appendix,  Third  Report.    Coal  Suited  to  the  Steam  Navy,  pp.  29,  66. 

t  "  Metallurgy/'  Fuel,  p.  32.  The  Monkwood  coal  yielding  of  coke  66*76  per  cent. 
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Production  of  Coal  and  Distribntion. — Towards  the  close 
of  the  last  century^  although  it  was  generally  known  that  coal 
was  raised  from  the  many  collieries  of  Derbyshire  in  considerable 
quantities,  no  exact  record  is  met  with.  It  was  certainly  con- 
siderable,  besides  which  a  large  quantity  was  conveyed  by  the 
Erewash  Canal  to  Leicestershire  for  consumption  in  that 
county.  Pilkington,*  writing  about  the  year  1789,  describes 
the  coal  raised  in  Derbyshire  as  of  two  varieties  or  general 
divisions,  **hard  "  and  ''soft."  The  soft  coal,  he  adds,  "which 
lies  much  nearer  to  the  surface,  is  found  in  most  of  those  shafts 
in  which  the  other  sort  is  met  with.  It  is  generally  shattering 
and  sulphureous.  It  is  much  used  for  burning  limestone  and  the 
manufacture  of  iron  goods.  A  large  quantity  is  also  converted 
into  coak."  The  ''  hard  "  coal,  which  is  more  useful  and  valuable, 
is  more  varied  in  its  nature  and  properties. 

The  earliest  return  of  production  met  with  appears  in  Farey,t 
where  it  is  recorded  that  for  the  twelve  months  ending  June,  1808, 
8,280  boat-loads  of  coals  passed  on  the  Erewash,  Gromford,  and 
Nottingham  canals,  on  their  way  towards  the  places  of  con- 
sumption ;  these  contained — 

TOHS. 

Hard  Coals 205,006 

Soft  Goals 37,289 

Cobbles 27,161 

Coke 24,384  qrs. 

The  value  of  which  amounted  altogether  to  £122,888. 

Not  again  until  the  year  1816  does  any  reliable  data  appear 
showing  the  quantity  of  coal  raised  in  Derbyshire,  for  that  year ; 
however,  it  is  gathered  from  the  report  of  a  deputation  from  the 
Wear,  sent  to  inquire  into  the  quantities  of  coals  conveyed  by 
railway  and  canal  in  different  parts  of  the  kingdom,  that  855,554 
chaldrons  were  thus  distributed,  and,  assuming  these  as  New- 
castle chaldrons  of  68  cwts.  each,  a  total  appears  of  942,000  tons ; 
the  total  estimated  production  of  the  kingdom  the  same  year 
being  set  down  at  27»020,115  tons.  Again,  in  the  year  1854, 
inquiries  over  the  several  districts  gave  the  following  as  the 
quantities  of  coal  raised : — I 

♦  James  Pilkington.    "  View  of  Derbyshire."    Derby,  1789. 
t  "  View  of  Derbyshire."    John  Farey,  1811,  p.  186. 
X  ^*  Mineral  Statistics  of  the  United  Kingdom." 
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DI8TRI0TS.  T0K8. 

Chesterfield 1,098,696 

Alfteton 650,000 

Bipley 146,000 

Glossop 70,000 

Ilkeston 263,000 

Burton-on-Trent 180,000 

Total        .         .    2,406,696 

Of  the  collieries  in  the  Erewash  Valley  district  there  was  sold 
and  conveyed  to  distant  places  during  the  year  1854  : — 

HOW  DISTRIBUTED.  TONS. 

By  canal  or  water  sale 323,129 

By  railway  sale 599,247 

Total 922,376 

The  London  and  North-Westem  Railway  carried  and  dis- 
tributed 828,505  tons,  and  large  quantities  were  also  carried  firom 
the  district  by  the  Midland  Railway. 

In  later  years  the  number  of  collieries  and  production  of  coal 
in  Derbyshire  were  as  given  in  the  annexed  table  : — 


Year. 

Number  of 
Collieries. 

Goal  raised. 

Year. 

Numlrar  of 
Collieries. 

Coal  raised. 

Tous. 

Tons. 

1855 

171 

2,256,000 

1868 

142 

4,957,879 

1856 

176 

2,298,325 

1869 

140 

5,460,090 

1857 

171 

2,612,372 

1870 

137 

5,102,265 

1858 

161 

•3,960,750 

1871 

130 

5,360,000 

1859 

153 

•4,250,000 

1872 

156 

t 

1860 

153 

•4,940,000 

1873 

156 

t 

1861 

158 

•5,116,319 

1874 

243 

7,150,570 

1862 

155 

4,534,800 

1875 

255 

7,091,325 

1863 

155 

4,550,750 

1876 

261 

7,025,350 

1864 

154 

4,470,750 

1877 

234 

6,975,550 

1865 

154 

4,595,750 

1878 

237 

7,190,000 

1866 

150 

4,750,520 

1879 

234 

7,450,370 

1867 

150 

4,550,550 

1880 

234 

7,903,834 

Examining  the  above  returns  of  production,  it  will  be  seen 
that  in  the  year  1875  the  output  had  increased  threefold  com- 
pared with  the  year  1855,  since  which  date  the  production  has 
been  well  maintained,  exhibiting  but  little  variation ;  in  1879  a 
marked  increase  appears  over  the  previous  year,  amounting  to 
upwards  of  250,000  tons,  or  nearly  4  per  cent. 

*  Including  the  produce  of  Nottinghamshire. 

f  Included  in  the  returns  of  Notts,  Leicester,  and  Warwick. 


CHAP.  YL] 


DEBBYSHIBE   COAL-FIELD. 


105 


The  steady  deyelopment  of  the  Derbyshire  collieries  comes  out 
clearly  in  the  returns  of  distribution.  In  the  year  1855  the 
Midland  Bailway  carried  out  of  Derbyshire  415,357  tons,  which 
was  distributed  in  Kugby  and  other  places  on  the  London  and 
North- Western  Bailway.  The  quantities  carried  by  the  Midland 
Bailway  and  the  London  and  North- Western  Bailway  for  1860 
and  previous  years  were  as  follows  : — 


Tear. 

MIDLAHD  RAILWAT. 

LOinX>N  AMD 
KORTH>WS8TBaV. 

North  Derby. 

Erewash  Valley. 

1856 
1857 
1858 
1859 
1860 

Tons. 
557,825 
545,312 
595,380 

537,890 

Tona. 

867,288 
916,317 
972,715 
968,026 

•  •  • 

Tons. 

•  •  • 

•  •  • 

675,000 

Before  giving  the  returns  of  distribution  for  the  past  twenty 
years,  it  will  be  desirable  to  call  attention  to  an  early  return  of 
the  sales  of  coal  by  canal  from  the  collieries  in  the  Erewash 
Valley,  dating  from  the  year  1808,  when  the  sales  amounted  to 
254,268  tons,  increased  to  427,670  tons  in  the  year  1848.*  The 
figures  below  are  from  the  return  referred  to : — 


Tear. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1803 

254,268 

1830 

253,498 

1806 

267,204 

1833 

316,187 

1809 

321,056 

1836 

377,103 

1812 

279,280 

1839 

377,606 

1815 

298,482 

1842 

410,495 

1818 

236,372 

1     1845 

334,159 

1821 

331,840 

!     1846 

385,695 

1824 

318,624 

1847 

475,779 

1827 

288,678 

1848 

427,670 

From  the  annual  statements  of  accoimts  published  by  the 
**  Association  of  Coal  Owners  of  the  Erewash  Valley,  Leicester- 
shire, and  North  and  South  Derbyshire,*'  very  complete  returns 
are  obtained,  showing  the  sales  of  coal  by  railway  and  canal. 
The  above-named  association  was  dissolved  in  1877  and  a  new 


*  For  details  of  each  year*s  sale,  see  Coal  Commission  Report,  rol.  Hi.,  Appendix, 
p.  16. 
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one  founded.*  The  returns  for  a  few  years  will  show  the  con- 
dition of  the  coal  industries  of  Derbyshire  under  the  auspices  of 
the  Association ;  the  figures  are  as  follows  : — 


Tear. 

Erewaah  Valley. 

North  Derbyshire. 

South  Derbyshire. 

Tons. 

Tons. 

Tons. 

1860 

1,926,167 

537,890 

•  •  • 

1862 

1,329,766 

351,208 

•  •  • 

1864 

1,742,543 

483,132 

•  •  • 

1865 

1,739,979 

466,448 

•  ■  • 

1866 

1,843,397 

450,515 

•  •  • 

1867 

1,825,798 

503,137 

128,381 

1868 

1,634,624 

517,384 

165,210 

1869 

1,781,964 

598,086 

121,392 

1870 

1,924,718 

628,153 

268,477 

1871 

1,949,428 

840,291 

331,790 

1872 

2,091,377 

1,041,183 

374,846 

1873 

2,046,017 

1,212,440 

344,071 

1874 

2,026,013 

878,246 

463,832 

1875 

1,917.759 

765,835 

410,231 

1876 

1,744,511 

654,509 

366,554 

Beyond  these  returns,  the  collieries  in  Nottinghamshire  and 
Leicestershire,  also  in  the  Association,  sent  away  coals  in  lesser 
quantities,  bringing  up  the  total  sales  of  the  Association  in  each 
of  the  same  years  to  the  following  figures : — 

LSICZSTERSHIRE  AKD  NOBTH  DeBBYSHIBE  ASSOCIATION  SaLES. 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

18.57 

1,837,920 

1867 

3,054,303 

1858 

1,925,584 

1868 

2,853,512 

1859 

2,019,546 

1869 

3,282,625 

1860 

3,115,883 

1870 

3,440,374 

1861 

2,473,732 

1871 

3,784,212 

1862 

2,267,998 

1872 

4,227,381 

1863 

2,492,893 

1873 

4,260,704 

1864 

2,870,148 

1874 

3,924,793 

1865 

2,818,154 

1875 

3,482,861 

1866 

2,952,788 

1876 

3,013,925 

In  the  above  returns  it  should  be  remembered  that  the  quan- 
tities do  not  include  the  local  or  land  sales,  nor  coals  used  for 
iron-making  purposes,  but  only  railway  and  canal  sales.  The 
extent  of  these  sales  may  be  gathered  from  the  annexed  details 
for  the  years  given : — 

*  **  The  Derbyshire,  Leicestershire,  and  Nottinghamshire  Coal  Owners  Associa- 
tion," from  which  no  returns  are  published,  but  issued  to  members  only. 
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Districts. 

I860. 

1870. 

1876. 

Erewash  Valley    . 
Leicestershire  .                .     . 
North  Derbyshire 
South  Derbyshire     .        .     . 
Nottinghamshire  . 

Totals  .... 

Tons. 
1,926,167 
651,826 
537,890 

. . « 
• . . 

Tons. 
1,924,718 
462,427 
628,153 
268,477 
156,599 

Tons. 
1,744,511 
213,574 
554,509 
366,554 
134,777 

3,115,883 

3,440,374 

3,013,925 

Previous  to  the  year  1848,  the  chief  means  of  distributing  the 
coals  of  those  collieries  situated  in  the  Erewash  Valley  was 
by  the  canal  bearing  the  same  name ;  in  1849,  however,  for  the 
first  time,  returns  are  available,  showing  the  quantity  carried 
by  railway.  These  latter  show  a  greatly  increased  traffic  till  the 
year  1876,  when  a  falling  off  appears,  and  again  in  1876,  when 
the  last  return  was  published.  The  details  given  below  show  the 
sales  by  railway  and  canal  of  the  ^'  Associated  Collieries  of  the 
Erewash  VaUey  District  "  from  1849  to  1876  :— 


Year. 

Canal. 

RaUway. 

Total. 

Tons. 

Tons. 

Tons. 

1849 

386,955 

43,820 

430,775 

1851 

334,922 

251,079 

586,001 

1853 

320,408 

497,961 

818,369 

1855 

223,893 

753,277 

977,170 

1857 

227,704 

776,948 

1,004,652 

1859 

208,905 

968,026 

1,176,931 

1861 

218,421 

1,282,669 

1,501,090 

1863 

223,972 

1,347,944 

1,671,916 

1865 

210,440 

1,649,542 

1,859,982 

1867 

196,579 

1,749,225 

1,945,804 

1869 

192,902 

1,709,061 

1,901,963 

1870 

148,342 

1,776,114 

1,924,456 

1871 

148,926 

1,800,502 

1,949,428 

1872 

146,610 

1,944,767 

2,091,377 

1873 

124,490 

1,921,527 

2,046.017 

1874 

106,163 

1,919,853 

2,026,017 

1875 

105,479 

1,730,636 

1,836,115 

1876 

102,430 

1,502,378 

1,604,808 

The  great  increase  in  the  movement  of  coal  since  the  introduc- 
tion of  railways  is  shown  in  the  above  returns.  In  1849,  the  first 
retom  of  coal  carried  from  the  collieries  in  the  Erewash  Valley 
district,  gives  43,820  tons,  increased  to  968,026  tons  in  1859, 
and  1,944,767  tons  in  1872,  since  which  a  falling  off  appears. 
On  the  other  hand  the  coal  sales  by  canal  exhibit  a  falling  off 
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from  886,955  tons  in  1849,  to  102,480  tons  in  1876,  when  these 
returns  were  discontinued. 

The  foregoing  statements  of  distribution  refer  to  the  produce 
of  those  collieries  in  the  districts  named ;  for  complete  returns 
of  the  distribution  of  coal  by  railway,  the  statements  annually  fur- 
nished by  the  several  railway  companies,  and  published  in  the 
*'  Mineral  Statistics,"  afford  the  desired  information.  The  most 
important  of  these  returns  are  those  of  the  Midland  Railway, 
whose  system  has  in  a  greater  degree  than  any  other,  contributed 
to  the  distribution  of  the  vast  deposits  of  coal  of  the  Midland 
coal-fields  of  Yorkshire,  Derbyshire,  Nottinghamshire,  Leicester- 
shire, and  Warwickshire. 

In  the  following  table  is  given  the  distribution  of  coal,  the  out- 
put of  the  Derbyshire  collieries,  by  the  Midland,  London  and 
North- Western,  Great  Northern,  and  Manchester,  Sheffield,  and 
Lincolnshire  Railways,  since  the  year  1855 : — 


Year. 

Midland 
Bailway. 

London  and  North- 
Weatem  Railway. 

Great  Northern 
Railway. 

Mancheaier,  Shef- 
field and  Lincoln- 
shire Railway. 

Tons. 

Tona. 

Tona. 

Tona. 

1855 

•415,357 

328,505 

•  •  • 

•  •  • 

1856 

1,425,113 

•  •  ■ 

•  •  • 

•  •  • 

1857 

1,461,629 

•  •• 

•  ■  • 

•  •  • 

1858 

1,568,095 

■  ■  • 

•  •  • 

•  «  • 

1859 

1,743,769 

675,000 

■  •  ■ 

■  •  • 

1860 

t2,230,275 

•  •• 

159,412 

132,641 

1861 

t2.370,817 

•  ■  • 

232,696 

122,656 

1862 

t2, 283,406 

1766,899 

356,540 

•  •• 

1863 

2,514,128 

1907,646 

•  •  • 

•  •  • 

1864 

3,013,730 

20,379 

•  •  V 

•  ■  • 

1865 

2,577,690 

■  ■  • 

■  •  • 

•  •• 

1866 

3,135,855 

24,982 

526,072 

•  •  • 

1867 

3,555,745 

32,378 

620,409 

219,587 

1868 

2,350,393 

53,824 

585,113 

229,867 

1869 

3,617,082 

42,129 

558,735 

293,456 

1870 

4,079,447 

66,217 

573,261 

•  •  > 

1871 

4,595,527 

34,355 

375,439 

•  •  ■ 

1872 

4,875,044 

29,201 

357,580 

137,3^5 

1873 

5,197,550 

25,463 

441,226 

227,622 

1874 

5.252,740 

30,140 

416,202 

331,285 

1875 

5,488,592 

33,485 

499,044 

342,312 

1876 

5,022,347 

33,214 

619,494 

239,464 

1877 

5,155,152 

40,577 

735,120 

293,885 

1878 

5,173,115 

40,203 

824,337 

306,380 

1879 

5,689,527 

38,190 

955,468 

387,275 

1880 

5,603,872 

27,632 

896,636 

408,836 

*  Not  including  collieries  in  Erewash  Valley, 
t  Including  NottinghamBhire  collieries.  t  Midland  Coal-field. 
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Vrioas  of  Coal  in  Derbjsliire. — In  1860  the  average  cost 
of  coal  loaded  into  carts  or  tracks  at  the  pit's  mouth  varied  from 
58,  to  Ss.  6d.  per  ton.  The  selling  price  of  best  coals  being  about 
9s.  per  ton,  and  ordinary  coals  6s.  6d.,  cartage  in  the  district  in* 
creasing  the  price  by  about  one  shilling  per  ton  per  mile,  while, 
as  regards  railway  carriage,  the  cost  for  long  distances,  exclusive 
of  waggons,  was  ^d.  per  ton  per  mile. 

Advancing  to  the  year  1870,  it  appears  from  the  Report  of  the 
Coal  Commission  *  that  the  average  prices  of  coals  in  the  Chester* 
field  district  were  as  follows  :— 

t.  d. 

Brimington 6  6 

Monkwood 6«.  Od.  to    9  0 

RenUhaw 6  8 

Woodhouae  Hard 7  6 

Soft •        ..71 

„         Small 4  7 


And  in  the  Alfreton  district : — 


«.   d. 


9.   d. 

5    6 

7    0 


Ooates  Park,  Screened 5  0  to 

„  Gobbles 6  0  „ 

„  Brights 8  0,,    8    6 

Bhirlandy  Bound 5  6  „    8    0 

Stoanmck,  average 6  0 ,,  12    0 


In  recent  years  the  average  price  per  ton  at  the  pit's  mouth  of 
coal  and  slack  was  as  follows : — 


Year. 

Arenige. 

Highest. 

Lowest. 

«.     d. 

«.     d. 

«.     d. 

1878 

Coal 

8    4 

11     0 

6     6 

Slack   .        .     . 

3    6 

5    3 

2    6 

1879 

Coal 

7    3 

10    6 

6    0 

Slack  .        .     . 

4    3 

5    9 

2     0 

1880 

Goal 

7    6 

10    0 

6     1 

Slack  .        .    . 

4    4 

6    0 

2    4 

Showing  a  falling  off  in  the  price  of  coals  and  an  increase  in 
that  of  slack  in  1880  compared  with  the  previous  years. 

PopnlAtion  employed  in  Coal  and  Zronatona  Xining. — The 
total  number  of  male  persons  employed  in  coal  mining  in  Derby- 
shire in  1854  was  6,484,  and  in  ironstone  mining  1,428,  giving  a 
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total  of  6,862 ;  the  total  qoantity  of  coal  raised  in  the  same  year 
was  2,406,696  tons. 

The  first  return  distinguishing  the  number  of  persons  em- 
ployed underground  and  above  ground  in  Derbyshire  in  coal 
mines  appeared  for  the  year  1878,*  when  22,178  persons  were 
engaged  underground,  and  6,950  above  ground,  giving  an  aggre- 
gate of  28,123  persons  employed,  the  output  of  coal  amounting 
to  6,977,587  tons.  In  the  following  table  the  total  numbers 
appear  for  each  year  since,  with  the  output  of  coal  and  average 
produce  per  man : — 


Tear. 

maasm  ofpLOTB). 

Total 
Bmployed. 

CoalraiBed. 

Avenge 
perJCan. 

Under 
Groimd. 

▲bOTtt 

Oround. 

1873 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

N08. 

22,173 
24,019 
23,683 
23,078 
21,937 
21,190 
21,713 
21,183 

Nm. 
6,960 
6,461 
6,414 
6,608 
6,148 
6,785 
6,146 
6,073 

28,123 
30,480 
30,097 
29,586 
28,086 
26,975 
27,869 
27,266 

Tons. 
6,977,687 
7,152,944 
7,190,921 
6,959,101 
7,064,091 
7,289,380 
7,661,236 
7,903,834 

TonB. 
249 
234 
238 
242 
261 
270 
271 
290 

The  average  produce  per  man  shows  increased  efficiency,  to  the 
amount  of  41  tons  in  eight  years,  equal  to  nearly  16  per  cent. 

The  ages  of  those  employed  in  the  year  1879  above  and  below 
ground  were  as  under : — 


Ages. 

Under  Ground.     |     Above  Ground. 

From  10  to  12  . 

„     10  to  13      . 

„     12  to  13  . 

„     13  to  16      . 
Above  16 

Total 

4 

•  •  • 

112 

2,201 

19,396 

•  •  • 
35 

•  •  • 

639 
6,672 

21,713                  6,146 

The  resources  and  probable  duration  of  the  Derbyshire  coal- 
field are  considered  in  the  account  of  the  Yorkshire  coal-field. 


*  See  Reports  of  H.M.  Inspectors  of  Mines. 
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NOTTINGHAMSHIBB    COAL-FIBLD. 

Description  of  Ck>al-field  and  Section  of  Strata  at  Oinderhill  Colllerj— Analyses, 
Prodoction,  and  DiBtribation  of  Ck>al  by  Railway— Population  employed  in 
Coal  liining  in  Nottingbamshire — (Besoarces  and  DnraUon,  included  in  the 
Goal-field  of  Tork,  Derby,  and  Notts). 

• 

The  yottinghamshire  CoaL-fleld. — This  coal-field  is  a  con- 
tinuation of  that  of  Derbyshire  and  Yorkshire,  and  Mr.  W.  T. 
Aveline,  in  his  ''  Memoir  of  the  Country  around  Nottingham/' 
gives  the  following  section,  remarking  that,  **  as  in  other  districts, 
the  coal  formation  is  here  an  accumulation  of  beds  of  sandstone, 
shale-clay,  and  ironstone,  alternating  with  each  other.  There 
are  many  beds  of  coal  in  this  field  lying  at  intervals  below  each 
other,  separated  by  the  sandstones,  shales,  &c.,  but  it  is  only  a 
few  of  these  that  are  thick,  or  good  enough,  to  be  worked  to  a 
profit."  * 

YsRTiOAL  Section  of  the  NoTmroHAM  and  Derbtshirb  Ooal-field. 
The  ftr$t  part  {to  the  Top  Hard  Coal)  from  a  pit  at  CvnderhiU, 


No. 


1 

2 

3 

4 

6 

6 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


Description  of  Strata. 


Limestone  (Magneeian) 

light  blue  and  orown  stone  in  beds 

Blue  stone 

Dark-pink  bind     .... 
Dark-grey  stone  .    '    . 

Bed  stone  with  pebbles . 
dunch  (usually  tough  day  or  shale) 
Bind      .  ... 

Ironstone 

Soft  dunch 

Black  shale  or  bind   .        .        .        . 

Olundi 

Bind,  with  bands  of  ironstone    . 
Ohillery  coal         .... 
Light  and  dark  dunch 

Bind 

Ironstone 

Bind 

Soft  coal 

Shale  bind  and  clunch  . 

Soft  coal    ...... 

Clundi  and  bind,  with  bat  and  shale 

Soft  coal    

Glnnch  and  bind   .... 


Thickneaa. 

Depth. 

Pt 

In. 

Ft  In. 

6 

4 

... 

6 

3 

11  7 

8 

5 

20  0 

3 

8 

23  8 

0 

4 

24  0 

1 

0 

25  0 

1 

9 

26  9 

19 

0 

45  9 

0 

3 

46  0 

5 

0 

51  0 

2 

7 

53  7 

6 

8 

60  3 

40 

4 

100  7 

0 

H 

101  % 

6 

0 

107  2 

20 

9 

127  Hi 

0 

2i 

128  2 

14 

7 

142  9 

1 

li 

143  10^ 

20 

2 

164  0| 

2 

4i 

166  5 

18 

10 

185  3 

1 

0 

186  3 

1 

0 

187  3 

•  <t 


Memoirs  of  the  Geological  Sorvej,"  1861.    (Quarter  sheet,  71  N.E.) 
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No. 


25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
3d 
36 
37 
38 
39 
40 
41 
42 
43 

44 
45 
46 


Detcrlption  of  Stxata. 


Thickness. 


Soft  coal 

Clunch  and  stone  .        .        .        ... 

Bind,  dunch,  stone,  and  bat,  with  a  little 

oosil  and  ironstone 

Coal 

Dark  clunch,  with  bat  and  ironstone 

Coal 

Shalybind 

Soft  coal      ^ 

Shale  and  bind 

Softooal        .        .        .        .        .        .     . 

Dark  clunch,  with  impressions  . 

Soft  coal 

Clunch  and  bind 

Coal 

Black  shale  and  bind         .... 

Soft  coal 

Shale  clunch,  &c 

Coal 

Shale  and  bind  and  a  few  small  beds  of 

ironstone 

Coal  (hard) 

Clunch,  bind,  and  shale     .... 
Main  coal 


Ft.  In. 

1  7i 

9  5 

81  81 

3  6| 

20  8 

0  7 


10 
2 

36 
3 


1 
4 
2 
4 


3  11 

1  3 

45  3 

1  5 
29  7 

2  5 
68  7 

3  9 

82  3 

2  2^ 

50  0 

8  2 


Depth. 


Ft.    In, 
188 
198 


in. 

'St 


595  H 

597  4 

647  4 

655  6 


Another  section  in  the  same  district,  by  Mr.  Aveline,  gives  the 
following  as  the  depth  and  thickness  of  the  seams  and  intervening 
strata  between  the  "  Top  Hard**  and  the  **  Deep  Hard  Coal : " — 


Description  of  the  Strata. 


Bind  with  ironstone  . 

Coal      .... 

Clunch  and  bind 

Coal      .... 

Bat,  clunch.  and  bind 

Coal  (probably  the  Ell  coal) 

Bind  and  rock   . 

The  main  or  deep  soft  coal 

Bat 

Dark  dunch  and  iire-day 
Bind  and  rock   . 
The  Deep  Hard  coal 


Thickness. 


Pt.    In. 
25     2 
0  10 

11  0 

0  10 
9    9 

1  0 
54    0 

3    0 
1     0 

12  6 
6  10 
3    6 


Depth  below 
Top  Hard. 


Ft.     lu. 
424     5 


436     3 


447     0 
504    0 


627  10 


The  following  section  gives  the  chief  coals  below  the  Deep 
Hard  Coal : — 
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Descriptioii  of  the  Strata. 


Clunch,  bind,  &c 

Piper  ooal 

Bind,  dnndh,  and  other  strata  . 

Furnaceooal 

Clnndh,  bind,  &c 

Yard  ooal 

Olunoh,  bind,  &c 

Black  ahale  ooal 

dunch,  bind,  &o 

Eilbumecoal 

Depth  of  Eilbume  ooalbelow  Top  £[ard  coal 


Thiekneas. 

Ft 

Tn. 

66 

0 

5 

0 

138 

0 

4 

0 

108 

0 

3 

0 

30 

0 

6 

4 

459 

0 

3 

6 

• « • 

Depth  below 
Top  Hard. 


Ft    In. 

•  •• 

71    0 
213    0 

324'  0 

359    4 

821'  10 

1,339    8 


It  is  remarked  that  of  the  coals  in  the  above  sections^  the  only 
beds  that  are,  or  have  been^  worked  in  this  district  are  the  Top 
Hard,  or  "  Rifler,"  Waterloo,  Main  Soft,  Lower  Hard,  and  Piper 
coals;  and  further,  that  clunch  usually  means  tough  clay  or 
shale;  binds,  shaley  clay  often  blue,  and  bat,  carbonaceous 
shale. 

Analysis  of  OoaL — The  coal  raised  in  the  neighbourhood  of 
Worksop,  at  the  Shireoaks  GoUiery,  examined  by  Mr.  Charles 
Tookey  in  Dr.  Percy's  laboratory,  shows  the  following  con- 
stituents : — 

Bbbttlts  Tabulated. 

Carbon 77-40 

Hydrogen 4*96 

Oxygen 7*77 

Nitrogen 1*55 

Sulphur 0-92 

Ash 3-90 

Water 3*50 

10000 

The  ash  remaining  being  described  as  bulky  and  slightly  pink  in 
colour ;  the  coal,  on  coking,  yielding  68*18  per  cent. 

.  Other  coals,  extensively  worked  by  the  Butterley  Company,  in 
Notts  and  Derby,  are  known  as  the  ^*  Upper  Hard  Goals  "  and  the 
"  Lower  Hard  Coals,"  the  former  described  **  as  excessively  hard 
and  containing  much  mineralized  charcoal  in  the  jointings,  with 
thin  strata  of  bright  coal  occasionally  intervening ;  the  second 
closely  resembles  the  first,  but  contains  more  iron  pyrites."  *   The 

*  Appendix,  Third  Beport  Goal  Baited  to  the  Steam  Nayj,  p.  29. 
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coal,  in  the  first  analysis,  was  obtained  from  the  Portland 
CoUiery  of  the  above-named  company,  situated  at  Kirkby,  in 
Ashfield,  Notts,  at  a  depth  of  180  yards  from  the  surface,  the 
vein,  being  irregular,  varying  in  thickness  from  3  feet  6  inches  to 
5  feet.  The  second,  the  "Lower  Hard  Coals,**  examined  was 
obtained  from  the  Langley  Colliery  of  the  same  company, 
situated  near  Heanor,  the  seam  having  a  thickness  of  three  feet ; 
the  following  gives  the  results  : — 


Coiutitaents. 


Carbon  . 
Hydrogen 
Nitrogen  . 
Sulphur 
Oxygen  . 
Ash      . 


Specific  gravity 
Per  centage  of  Coke 


Portland 
Upper  Hard. 

80-41 

4-65 

1-59 

0-86 
11-26 

1-23 

100-00 
1-301 


60-90 


Lan^ey 
Lower  Hard. 


77-97 
5-58 
0-80 
1-14 
9-86 
4-65 


100-00 


1-264 


54-90 


It  is  remarked  of  these  coals  that  they  light  easily,  and  when 
thrown  on  the  fire  make  a  crackling  noise.  They  bum  freely, 
leaving  a  white-coloured  ash,  the  *'  Lower  Hard  *'  more  than  the 
"  Upper  Hard,**  and  both  requiring  the  firequent  use  of  the  rake 
to  prevent  the  choking  of  the  draught  in  the  furnace.  The 
clinker,  though  considerable,  did  not  adhere  to  the  fire-bars,  and 
when  the  stoking  or  charging  the  fire  took  place  it  was  found 
much  smoke  was  evolved. 

Productioii  and  Distribution  of  Goal. — In  the  year  1816 
the  quantity  of  coal  carried  by  inland  navigation  in  Nottingham- 
shire was  494,665  tons ;  in  Derbyshire,  942,218  tons,  and  in 
Yorkshire,  2,563,626  tons,  the  produce  of  this  great  coal-field, 
extending  through  the  above-named  counties.  Indeed,  these 
quantities  may  be  regarded  as  the  output  of  the  collieries  in 
operation  at  the  time. 

The  next  return,  for  the  year  1854,  gives  the  output  of  seventeen 
collieries  in  Nottinghamshire  as  813,474  tons,  the  production 
being  doubled  since  the  year  1816.  In  1855  the  number  of 
collieries  increased  to  20,  and  the  output   fell  off  to  809,400 
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tons.     Subsequently  the  number  of  coUieries  and  production  of 
coal  in  the  Nottinghamshire  coal-field  has  been  as  under : — 


Year. 

No.  of 
Collieries. 

Coal  Raised. 

Year. 

No.  of 
Collieries. 

Coal  Raised. 

1 

Tons. 

Tons. 

,    1816 

•  •  • 

494,665 

1867 

24 

1,575,000 

1     1854 

17 

813,474 

1868 

27 

1,508,439 

1855 

20 

809,400 

1869 

26 

1,575,450 

1856 

24 

* 

1870 

27 

2,115,372 

1857 

23 

* 

1871 

27 

2,469,400 

1858 

23 

* 

1872 

28 

* 

1859 

23 

* 

1873 

34 

« 

1860 

21 

« 

1874 

45 

3,127,750 

1861 

22 

« 

1875 

46 

3,250,000 

1862 

21 

732,666 

1876 

48 

3,415,100 

1863 

21 

750,000 

1877 

47 

3,895,750 

1864 

21 

796,700 

1878 

41 

4,107,350 

'     1865 

21 

1,095,500 

1879 

41 

4,249,242 

t    1866 

25 

1,600,000 

1880 

44' 

• 

4,432,393t 

The  development  of  the  Nottinghamshire  coal-field  is  greatly 
aided  by  the  ample  facilities  provided  by  several  important 
systems  of  railways  and  canals.  The  coal-field  on  the  south- 
west border  of  the  coimty  is  traversed  by  the  Midland  Railway, 
which  enters  the  county  at  the  south-west  comer  running  through 
the  Erewash  Valley  along  the  border  to  Codnor,  in  Derbyshire, 
and  on  to  Mansfield ;  a  branch  coming  from  Derby  runs  along 
the  valley  of  the  Trent  to  Nottingham  and  from  Newark  to 
Lincoln,  with  branches  from  Nottingham  to  Mansfield  and  South- 
well. The  impulse  given  to  the  coal  trade  of  Nottinghamshire 
appears  in  the  railway  returns.  The  Midland  Railway,  in  1863, 
carried  from  Nottinghamshire  88,982  tons,  and  in  subsequent 
years  the  following  quantities,  according  to  returns  of  ''  Mineral 
Statistics : " — 


1     Year. 

Coal  Carried. 

Year. 

Coal  Carried. 

1 

Tona. 

Tons. 

(     1864 

188,753 

1873 

967,000 

1866 

197,873 

1874 

1,005,587 

1867 

180,506 

1875 

1,019,793 

1868 

191,796 

1876 

1,222,417 

1869 

283,548 

1877 

1,295,479 

1870 

471,118 

1878 

1,506,936 

1871 

574,796 

1879 

1,625,471 

1872 

689,407 

1880 

1,614,377 

*  Production  included  in  DerbyBhire. 
t  Beport  H.M.  Inspector  of  Mines. 
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In  the  year  I88O9  and  previons  years,  the  following  quantities 
of  coaly  the  produce  of  the  Nottinghamshire  collieries^  have  been 
used  by  the  Midland  Railway  Company  for  locomotive  purposes. 
Side  by  side  is  given,  for  the  same  years,  the  total  quantities  of 
coal  used  for  similar  purposes  by  the  Midland  Company  through- 
out their  railway  system :— 


Tmt. 

Nottingham  Coal. 

Total  Coal  Used. 

Tons. 

Tons. 

1876 

87,392 

548,817 

1877 

126,611 

612,886 

1878 

130,457 

575,117 

1879 

145,627 

656,340 

1880 

94,641 

707,185 

The  Manchester,  Sheffield,  and  Lincolnshire  Railway  carried 
small  quantities  of -coal  from  Nottinghamshire  between  the  years 
1872  and  1878,  when  the  traffic  appears  to  have  ceased;  the 
tonnages,  though  unimportant,  were  as  under,  amounting  in 
1872  to  4,897  tons :— 


Taar. 

Quad  titles. 

Year.                 Quantities. 

1873 
1874 
1875 

Tons. 
4,234 
4,056 
3,838 

1876 

1877 
1878 

Tons. 

3,869 
5,622 
9,601 

During  the  existence  of  the  association  known  as  the  "  Asso- 
ciated Coal  Owners  of  Derbyshire,  Nottinghamshire,  and 
lieicestershire,"  information  was  available  showing  the  respective 
sales,  by  railway  and  canal,  of  coal,  the  produce  of  collieries 
situated  in  Nottinghamshire  and  the  adjoining  counties.  The 
Association  was  dissolved  in  1877,  but  up  to  that  date  the  move- 
ment of  coal  in  each  year  from  this  coal-field  was  as  under : — 


Year. 


1869 
1870 
1871 
1872 


Quantities. 


Year. 


Quantities. 


Tons. 
121,392 
283,548 
227,987 
265,008 


1873 
1874 
1875 
1876 


Tons. 

276,645 

163,765 

86,315 

134,777 


Population  Employed  in  Goal  Tnining  in  flTottingluuiishire. — 

The  total  number  of  persons  of  all  ages  employed  in  the  year  1854 
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was  8>071 ;  the  output  of  the  coal  mines  amounting  to  818,474  tons. 
In  1873  the  numbers  were  10,366,  of  these  7,766  were  engaged  in 
underground  operations,  and  2,611  above  ground,  the  total  coal 
produced  in  the  coal-field  amounting  to  2,890,929  tons.  The 
numbers  employed  in  subsequent  years,  and  the  output  of  the 
collieries,  and  produce  per  man,  appear  in  the  annexed  state- 
ment : — * 


Year. 

PERJSONS  EMPLOYZD. 

Total. 

Coal  Rained. 

Average 
per  Man. 

1 

Under               Above 
Orouud.            Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 

7,755 
9,099 
9,618 
10,294 
10,182 
10,633 
10,772 
10,357 

Noe. 
2,611 
3,129 
3,095 
3,311 
3,210 
3,278 
3,459 
3,235 

Nos. 
10,366 
12,228 
12,713 
13,605 
13,392 
13,911 
14,231 
13,592 

Tons. 

2,890,929 
3,125,176 
3,265,368 
3,582,995 
3,877,322 
4,106,392 
4,316,954 
4,432,393 

Tons. 

279 
255 
278 
264 
289 
295 
303 
326 

The  maximum  number  of  colliers  employed  in  our  coal-fields 
was  in  the  year  1875,  when  of  the  585,845  engaged,  427,017 
were  underground,  and  108,828  above  ground ;  since  that  date, 
in  most  districts,  the  numbers  employed  have  diminished.  In 
Nottinghamshire,  however,  the  numbers  have  gone  on  increasing, 
and  the  efficiency  of  the  collier  appears  in  the  high  average  of 
coal  raised  by  each  individual  in  1880,  compared  with  1878  and 
intervening  years. 

Of  the  14,281  persons  employed  in  coal-mining  operations  in 
the  year  1879  Her  Majesty's  inspectors  give  the  following 
analysis  of  their  respective  ages  : — 


1 

1                AUAges. 

Under  Groand. 

Above  Oronnd.             Total. 

From  12  to  13    .    . 

„      10  to  13 

„      13  to  16    .     . 
Above  16 

Nos.           1           Nos.                      Nos. 

58                   ...                       58 

14                     14 

975        1          225        i       1,200 

9,739               3,220        \     12,959 

Total    . 

10.772                3,459              14,231 

'                                                                   — ' 

The  resources  and  probable  duration  of  the  Nottinghamsliii*e 
coal-field  are  considered  in  the  great  coal-field  of  Yorkshire, 
Derbyshire,  and  Nottinghamshire. 

*  Beportfl  of  H.M.  Inspectors  of  Mines. 
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LEICESTERSHIRE    COAL-FIELD. 

Description  of  Coal-field — Section  in  the  Moira  and  Coleorton  Districts — Analyses, 
Prodnction,  and  Distribution  of  Coal — Population  Employed  in  Coal  Mining — 
Resonices  and  Probable  Duration  of  Coal-field. 

The  Leiceirtiershire  Goal-field,  as  described  by  Professor 
Hull,  F.B.S.,  occupies  an  irregular-shaped  area  south  of  the 
valley  of  the  Trent,  and  bounded  by  strata  of  New  Red  Sand- 
stone age,  except  on  the  north-eastern  side,  which  is  occupied  by 
the  ancient  shales  and  porphyries  of  Chamwood  Forest,  of 
Cambrian  age.  The  coal-field  he  divides  into  three  districts : 
Moira,  occupying  the  west ;  Ashby  de  la  Zouch,  the  centre ;  and 
Coleorton,  the  east,  the  carboniferous  series  of  the  district  being 
thus  divided : — 

1.  Upper  Sandstone, 

2.  Middle  Coal  Mecuttres, 

3.  Lower  Coal  Measures, 

4.  Millstone  Orit, 

6.  Yoredale  Series  and  Carboniferous  Limestone, 

In  the  Middle  Coal  Measures  are  numerous  seams  of  coal,  ten 
of  which,  exceeding  two  feet  in  thickness,  are  workable,  and  give 
an  average  thickness  of  from  40  to  45  feet  of  solid  coal.  The 
annexed  section  shows  the  order  of  occurrence  of  the  principal 
coal  seams  in  the  Moira  and  Coleorton  districts  : — 


Moira  District  (West). 

Coleorton  District  (East] 

1. 

Ft 

Tn. 

Ft.    In. 

Ell  Coal 

3 

8 

StourSmnt    . 

4     9 

Dicky  Gobbler  .        .     . 

3 

6 

Swanninffton             .     . 
Slate  Coal      . 

3    7 

Block  Goal     . 

3 

6 

4    8 

Little  or  Four  Feet  .    . 

4 

6 

Coal 

2  10 

Oannel  .... 

3 

6 

Coal       .... 

3    7 

Mflin  i  Over  Seam     )  . 

12 

0 

Main  Goal                  .     . 

6    0 

Upper  Louiit . 

3    9 

Toad          .... 

3 

6 

Second  Lount    .        .     . 

3    0 

Litde  Woodfield    . 

2 

6 

Middle  Lount 

4    6 

Woodfield. 

6 

0 

Nether  Lount    .        .     . 

4    6 

Stockings 

9 

0 

Heath    End   Goal    and 

Eureka 

4 

6 

Gannel       . 
Lower  Goal  Measures    . 

10    0 
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The  total  thickness  of  measures  in  the  Leicestershire  coal-field 
is  at  least  2,500  feet,  and  that  part  containing  the  principal  coal 
beds  is  situated  about  the  centre.  Towards  the  base  from  800 
to  1,000  feet  of  unproductive  coal  measures  occur.  The  main 
coal  of  the  Moira  district  is  from  twelve  to  fourteen  feet  thick, 
that  of  Coleorton  from  six  to  eight  feet,  and  it  is  observed  by 
Professor  Hull  that,  though  the  section  in  the  Moira  and 
Coleorton  districts  cannot  be  identified,  yet  it  is  highly  probable, 
that  the  productive  measures  of  each,  occupy  the  same  general 
position  in  the  series. 

Analyses  of  Leicestersliire  CoaL — That  raised  at  the 
Ibstock  Colliery,  situated  about  eleven  miles  from  the  town  of 
Leicester,  whence  the  coal  is  sent  by  canal  and  railway  to 
various  parts  of  England,  is  described*  as  "  Mingy  or  Cleft  coal, 
with  a  cubical  fracture,  adapted  for  house  purposes,  and  more 
particularly  for  steamers.*'  The  mine  is  128^  yards  deep,  and 
the  seam  8^  feet  thick,  and  tolerably  regular.  This  coal  will  not 
coke,  and  has  been  employed  by  some  of  the  railway  companies 
instead  of  that  fuel.  The  sample  experimented  upon  was  of  a  full 
black  colour,  with  a  cubical  fracture,  and  contained  a  considerable 
amoimt  of  pyrites,  and  but  little  white  shale.  On  the  grate  it  was 
found  to  produce  a  good  clear  fire,  and  with  careful  stoking  gave 
off  but  little  smoke.  The  coal  behaves  precisely  like  an  ordinary 
splint,  and,  with  a  quick  draught,  leaves  a  ratiier  large  quantity 
of  clinker,  which  does  not,  however,  attach  itself  to  the  bars. 

The  composition  of  mean  average  samples  of  this  coal  appears 
in  the  annexed  analysis,  one  pound  of  which  was  found  to 
evaporate  6*68  lbs.  of  water  at  a  temperature  of  212^  Fahr. 


Bbsults  Tabttiated. 

Carbon 74-97 

Hydrogen 483 

Nitrogen 0*88 

Snlpkor 1*45 

Oxygen 11-88 

Aflh 6-99 

10000 

The   specific  gravity  of  the  coal  is  1*291,  the  per  centage 

*  Third  Beport,  CkMtlB  snited  to  the  Steam  Kayj,  pp.  22,  66.    By  De  la  Beche 
and  Playfiyr,  1861. 
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amount  of  coke  left  being  60'80,  and  the  average  weight  of  a 
cubic  foot  47-38  lbs. 

The  coal  raised  at  the  Whitwick  GoUieiy,  situated  near  Coal- 
ville, and  examined  by  Dr.  Percy,  gives  the  composition  per  cent. 

as  follows  *  : — 

Besults  Tabuulted. 

Carbon 69*00 

Hydrogen 4*35 

Oxygen   ) 

and       [ 10*78 

Nitrogen  ) 

Sulphur 0*78 

Ash 5-42 

Water 9*67 

lOOMW 

Coke 58*14 

It  is  observed  by  Dr.  Percy  that  the  coke  is  firm  and  compact,  the 
flame  yellow,  slightly  smoky,  and  the  colour  of  the  ash  pinkish- 
white. 

Froductioii  of  Ooal  in  Leicestershire. — The  output  of  the 
coal  mines  of  this  coal-field,  in  1816,  was  176,665  tons,  in  1854 
the  output  of  eleven  collieries  in  operation  was  489,000  tons, 
increased  in  later  years  as  under : — 


Year. 

Number  of 
CoIlierieB. 

Coal  Raised. 

1 
Year. 

Number  of 
Collieriea. 

Coal  Raised. 

Tons. 

Toua. 

1855 

11 

425,000 

1867 

11 

.  1,150,000 

1856 

14 

632,478 

1868 

11 

t608,088 

1857 

14 

698,750 

1869 

10 

650,700 

1858 

14 

750,000 

1     1870 

11 

599,450 

1859 

14 

800,000 

1871 

12 

699,900 

1860 

14 

730,000 

1874 

24 

1,100,465 

1861 

11 

740,000 

1875 

25 

1,154,619 

1862 

10 

696,024 

1876 

27 

1,005,000 

1863 

10 

805,750 

1877 

27 

1,149,590 

1864 

10 

890,500 

1878 

28 

1,020,500 

1865 

11 

965,000 

1879 

27 

1,035,016 

1866 

11 

866,560 

1880 

27 

1,063,382 

Distrilmtion  of  Coal — The  Midland  Bailway,   in   the   year 

♦  Percy's  "  Metalluiipry,"  Fuel,  p.  569. 

f  In  pievioas  years  the  following  collieries  were  indnded  in  the  Leicestershire 
retnm,  they  are  now  included  in  Derbyshire — Bretby  Gresley,  GranTille  Stanton, 
Cadley  Hill,  and  Swadlincote. 
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I8569  carried  487,280  tons  of  coal,  the  output  of  the  Leicestershire 
collieries,  and  distributed  it  at  various  stations  over  their  system; 
the  returns  of  subsequent  years  are  as  follows : — 

Midland  Railway  Returns. 


Year. 

Quantities.           ' 

Year. 

Quantities. 

Tons. 

Tons. 

1857 

520,514 

1869 

777.603 

1858 

634,471 

1870 

864,273 

1859 

648,133 

1871 

966,830 

1860 

717,633 

1872 

1,017,201 

1861 

696,258 

1873 

1,162,087 

1862 

705,275 

1874 

1,074,816 

1863 

766,054 

1875 

1,049,664 

1864 

879,191 

1876 

1,106,456 

1865 

843,928 

1877 

869,785 

1866 

865,240 

1878 

987,087 

)867 

920,476 

1879 

954,770 

1868 

777,603 

1880 

1,054,433 

The  quantity  of  coal  carried  in  1880  was  1,054,438  tons. 
Beyond  the  above  tonnages  small  quantities,  not  exceeding  a 
few  thousand  tons  of  locomotive  coal,  are  carried  annually  for 
consumption  on  the  Midland  system.  The  total  increase  in  the 
movement  of  Leicestershire  coal  since  1857  has  exceeded  100 
per  cent.9  the  greatest  increase  being  in  the  year  1878,  since 
which  a  diminution  is  shown.  The  revival  of  trade,  however^ 
during  the  past  year  shows  an  improvement ;  the  returns  being 
in  excess  of  previous  years. 

Some  interesting  particulars  are  foimd  in  the  annual  reports 
of  the  Associated  Coal  Owners,  showing  the  total  sales  of  coal 
in  Leicestershire  by  railway  and  canal;  the  sales  in  1866 
amounted  to  668,876  tons.  As  these  returns  throw  considerable 
light  upon  the  movement  of  Leicestershire  coal,  they  will  bo 
interesting,  as  indicating  the  extent  of  the  industry  in  the  years 
named: — 


Year. 


Qoaatitlet. 


Year. 


Quantities. 


1866 
1867 
1868 
1869 
1870 
1871 


Tons                1 

Tons. 

658,876         1 

1872 

426,574 

596,988          1 

1873 

381,531 

536,294 

1874 

392,937 

559,377 

1875 

302,721 

462,427          j 

1876 

213,574 

434,716          1 
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These  quantities,  it  should  be  observed,  do  not  include  the 
local  or  land  sales,  nor  coals  used  for  iron-making  purposes,  but 
refer  exclusively  to  railway  and  canal  sales. 

The  London  and  North  Western  Railway  are  also  carriers  of 
coal  from  Leicestershire ;  the  quantities,  however,  have  never 
been  considerable,  and  do  not  increase.  For  a  few  years  they 
carried  to  stations  on  their  own  line,  and  passed  over  to  other 
lines,  the  following  tonnages  : — 


Year. 

Conveyed  on  Main 
Line. 

Passed  over  to 
Oilier  Lines. 

Total  Carried. 

Tons. 

Tons. 

Tons. 

1873 

52,237 

6,932 

59,169 

1874 

33,607 

•  •  • 

33,607 

1875 

19,009 

•  •  • 

19,009 

1876 

12,361 

185 

12,546 

1877 

23,302 

1,587 

24,889 

1878 

32,643 

2,400 

35,043 

1879 

43,256 

3,256 

46,512 

1880 

41,700 

3,138 

44,838      ■ 

Some  coal  is  also  carried  by  the  Great  Northern  Railway 
from  Leicestershire  to  stations  between  London  and  Hatfield, 
and  Welwyn  and  Peterboro'.  The  quantity  carried  in  1869  was 
6,821  tons  ;  in  later  years  as  under : — 


Year. 

Quantities 

Year. 

Quantities. 

Tons. 

Tons. 

1869 

6,321 

1875 

1,254 

1870 

6,561 

1876 

1,104 

1871 

1,827 

1877 

1,045 

1872 

1,231 

1     1878 

2,308 

1873 

1,773 

:     1879 

1,566 

1874 

1,057 

1880 

1,829 

Population  Employed  in  Coal  Mining  in  Leicestamhire. 
— ^In  the  year  1854  there  were  1,646  persons  thus  engaged ;  in 
1878  the  number  increased  to  8,8879  of  whom  8,038  were  under 
ground,  and  799  above  groimd  ;  the  output  of  coal  amounting  to 
882,504  tons,  compared  with  489,000  tons  in  the  year  1854. 
The  particulars  for  the  eight  years  ending  1880  appear  in  the 
subjoined  table,*  with  the  average  production  per  man  in  each 
year: — 

*  Reports  H.M.  Inspectors  of  filines. 
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Year. 

PER80K8  EMPLOYED. 

Total 

Cool  Raised. 

Average 
per  Man. 

Under 
Oroimd. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
3,038 
3,896 
3,983 
3,435 
3,679 
3,188 
3,493 
3,213 

Nob. 

799 
982 
1,080 
1,145 
1,117 
1,089 
1,076 
1,076 

Nos. 
3,837 
4,878 
5,063 
4,580 
4,796 
4,277 
4,569 
4,289 

Tons. 

832,504 
1,101,402 
1,170,460 

893,204 
1,049,594 
1,021,497 
1,103,294 
1,063,382 

Tons. 
217 
225 
231 
195 
218 
239 
241 
248 

Of  the  persons  employed  in  1879,  the  following  is  an  analysis  of 
the  respective  ages  of  those  engaged  tinder  and  above  ground  : — 


Ages. 

Under  Qround. 

Above  Ground. 

From  12  to  13 

„     10  to  13   . 

„     13  to  16        .'       . 
Above  l6  .                .    . 

Total 

No«. 
25 

•  •  • 
290 
3,178 

Nos. 

•  •  • 

6 

79 

991 

3,493 

1,076 

Besourees  of  the  Leicestershire  Coal-field  and  probaUe 
Bnratioxi. — The  total  available  amonnt  of  coal  in  this  coal-field, 
to  depths  not  exceeding  8,000  feet,  allowing  for  necessary  deduc- 
tions, is  886,799,734  tons.  From  the  Keport  of  the  Coal  Commis- 
sion, prepared  by  Mr.  J.  T.  Woodhouse,  the  Moira  and  Coleorton 
districts  are  estimated  to  contain  the  following  quantities, 
making  up  the  total  above  referred  to  as  available  : — 


TOMNAOE. 

Name  of  District. 

Total  eatitoated 

Tonnage  in  the 

District. 

Tonnage  remaining 
unworked. 

Net  Tonnage  avail- 
able for  con- 
sumption. 

Otdtide  the  Permian^ 

Moira      • 

Coleorton    .        .    . 
Proved  Suh^Permian, 

CSolmton    .        .    . 

Tons. 

825,155,925 
146,418,0^ 

35,642,781 
595,010,079 

Tons. 

775,652,338 
108,303,063 

31,746,710 
571,941,921 

Tons. 

436,304,428 
60,920,465 

17,857,518 
321,717,323 

Total  . 

1,602,226,869 

1,487,644,032         836,799,734 
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In  the  year  1870  the  total  production  of  Leicestershire  was 
699,450  tons,  the  year  of  greatest  production  being  1876,  when 
1,164,619  tons  were  produced,  since  which  date  a  falling  off 
appears  in  the  output,  that  in  1879  being  1,086,016  tons. 
Deducting  the  output  of  the  ten  years  ending  1879  there  remains 
about  826,799,784  tons,  sufficient  to  afford  supplies,  at  the  rate  of 
output  in  1879,  for  799  years,  and,  with  increased  production, 
for  a  less  period. 

The  quantity  of  coal  raised  in  Leicestershire  in  1880,  according 
to  the  returns  of  H.M.  Lispectors  of  Mines,  was  1,068,882  tons, 
showing  a  decrease  compared  with  the  previous  year  of  nearly 
89,000  tons. 


CHAPTER    IX. 

WARWICKSHIRE    COAL-FIELD. 

Description  of  Ooal-field  and  Sncoession  of  Strata  at  Griff  Colliery — Production 
and  Distribation  of  Coal — Cost  of  Production  and  Prices — Population  Employed 
in  Coal  Mining — Resources  and  probable  Duration  of  Coal-field. 

TIm  Warwickshire  Goal-Field. — This  coal-field  extends  in 
a  direction  bearing  south-east  to  north-west  in  a  narrowing  band, 
by  Atherstone  and  Nuneaton,  from  the  hamlet  of  Wyken  in  the 
immediate  neighbourhood  of  Goventry,  to  the  village  of  Poles- 
worth  in  the  northern  part  of  the  county.  The  length  is  between 
16  and  16  miles,  and  in  the  south,  near  the  Hawkesbury  railway 
station  and  from  thence  to  Baddesley  Ensor,  it  maiatains  an 
average  width  of  from  one  to  two  miles.  At  Baddesley  Ensor  it 
widens  out,  exceeding  four  miles  from  east  to  west,  and  continues 
about  the  same  width  as  far  north  as  Shuttington.  The  follow- 
ing formations  enter  into  the  structure  of  the  district : — 


Stratified  Bocks 


The  Lias. 

The  Trias  or  NeVBed  Sandstone. 

The  Permiaii  Bodes. 

The  Coal  Measures. 

Igneous  Bocke,  Ghreenstone. 


The  Coal  Measures,  the  lowest  division  of  the  stratified  rocks, 
consist  of: — 

Sandstones  and  Shales, 
Ufper  Coal  Measures. 
Jjiwer  Coal  Measures, 
MUlsione  Grit. 

The  sandstones  and  shales,  occupying  the  top  of  the  coal 
measures,  have  a  thickness  of  60  feet,  at  the  bas6  of  which  is  a 
thin  bed  of  limestone,  ranging  in  thickness  from  two  to  three 
feet,  and  known  as  the  ''Spinorbis  Limestone."  The  upper 
division  of  the  coal  measures,  1,400  feet  in  thickness,  contains 
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five  workable  seams  of  coal,  which  occur  near  the  middle  of  the 
series.  At  the  northern  end  of  the  coal-field  these  seams  are 
separated  by  about  120  feet  of  shales  and  sandstones,  all  decreas- 
ing in  thickness  southwards,  while  the  coal  seams  remain  nearly 
the  same.  The  following  shows  the  order  of  the  coals,  and  the 
thickness  of  strata  between  each  seam,  from  a  section  taken  at 
the  Griff  colliery  north  of  Bedworth  :* — 

SUOGESSIOK  OF  StBATA. 

Ft.  In. 

Four-foot  Coal 3  0 

Intermediate  measures 51  0 

Two-yard  Coal 6  0 

Rider  Coal        .        .        . 2  0 

Parting 9  0 

Bare  Coal 4  2 

Intermediate  measures 72  0 

suae  Coal 10  0 

Intermediate  measures 84  0 

Seven-foci  Coal 5  9 

These  coal  seams  crop  out  on  the  surface  to  the  east  side  of 
the  coal-field  at  the  north  end  near  Polesworth,  and  take  a 
direction  south  to  Wykin  near  Coventry,  where  they  lie  con- 
cealed by  overlying  New  Red  Sandstone,  which  rests  uncon- 
formably  upon  them. 

In  the  southern  part  of  the  coal-field,  in  the  neighbourhood  of 
Bedworth  and  Hawkesbury,  the  whole  of  the  coals  come  together, 
forming  one  thick  seam,  with  thin  partings  of  fire  clay,  whereas 
in  the  northern  part  of  the  coal-field,  as  previously  stated,  in  the 
neighbourhood  of  Tamworth,  Polesworth,  and  Baddesley,  the 
same  beds  of  coal  are  widely  separated,  the  intermediate  strata 
of  sandstones  and  shales  having  thickened  out. 

The  Lower  Coal  Measures  attain  a  thickness  of  nearly  1,500 
feet,  and  are  barren  of  coal  seams.  It  was  in  the  shales  of  the 
lower  part  of  this  series  at  Hartshill  Hays,  that  manganese  was 
formerly  wrought,  the  red  colour  of  the  rocks  being  probably  due 
to  the  presence  of  the  iron  mixed  with  that  mineral  disseminated 
through  them.  At  the  base  of  the  coal  measures  occurs  the 
Millstone  Grit,  the  lowest  part  of  the  carboniferous  formation, 
consisting  of  a  hard  silicious  quartz  rock,  with  thin  bands  of 
interstratified  shale,  the  whole  exceedingly  altered,  and  traversed 
along  the  strike  by  intrusive  lines  of  Greenstone. 

♦  "  Warwickshire  Coal-field,"  by  H.  H.  Howell,  F.G.S. 
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There  are  a  few  ironstone  measures  in  this  coal-field,  worked 
but  to  a  limited  extent  and  yielding  nine  cwts.  to  the  square 
yard ;  the  ironstone  giving  on  analysis  upwards  of  40  per  cent,  of 
metallic  iron. 

Production  and  Distribiition  of  Coal.  —  Several  collieries 
existed  in  Warwickshire  towards  the  close  of  the  last  century, 
chiefly  in  the  neighbourhood  of  Bedworth,  Griflf,  Chilvers 
Coton,  Oldbury,  and  extending  in  the  same  line  near  to  Ather- 
stone,  Polesworth,  and  Wilncot,  the  coal  obtained  being  de- 
scribed as  of  a  sulphurous  quality,  making  hot  durable  fires  and 
being  sold  at  from  three  pence  to  five  pence  per  hundred  weight 
at  the  pits.* 

The  production  in  the  year  1816  amounted  to  162,962  New- 
castle chaldrons,  equivalent  to  481,849  statute  tons.t  In  1854 
for  the  first  time  appeared  the  number  of  coal  mines  in  Warwick- 
shire and  the  output  of  coal ;  since  that  date  the  particulars  are 
as  follows : — 


Tear. 

CoUieries. 

Coal  Rained. 

\      Year. 

Collieries. 

Coal  Raised. 

No& 

Tons. 

1 

N08. 

Tons. 

1854 

15 

255,000 

1868 

16 

624,850 

1855 

17 

262,000 

1869 

16 

585,630 

1856 

16 

335,000 

1870 

18 

647,540 

1857 

16 

398.000 

1871 

18 

723,600 

I     1858 

17 

356,500 

1     1872 

19 

t750,000 

1859 

17 

355.750 

1     1873 

24 

1800,000 

1860 

17 

545,000 

1874 

29 

851,500 

1861 

16 

647,000 

1     1875 

31 

799,750 

1862 

16 

678,000 

1876 

29 

884,750 

1863 

16 

685,500 

1877 

34 

930,850 

1864 

16 

764,000 

1878 

32 

1,025,450 

1865 

16 

859,000 

1879 

31 

1,060,016 

1866 

15 

775,000 

;     1880 

31 

1,101,386 

1867 

15 

880,850 

1 

! 

The  distribution  is  mainly  effected  by  railway  and  canal.  The 
railways  form  a  close  network  through  the  county  and  coal-field, 
the  London  and  North  Western,  Great  Western,  and  Midland 
coming  into  Birmingham,  while  the  canals,  which  are 
numerous,  give  access  to  the  Trent,  the  Merse}%  the  Thames, 

•  "  General  View  of  the  AgricultuTe  of  the  County  of  Warwick."    By  Mr.  John 
Widae,  1794. 
t  Ck)al  Commission  Beport,  yoI.  iii.,  pp.  40,  41. 
t  Estimated  production.    Betums  for  those  years  included  in  Derbyshire,  &c. 
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and  the  Seyern ;  indeed  the  greater  part  of  the  county  and  the 
coal-field  is  intersected  by  canals.  The  London  and  North 
Western  between  1864  and  1868  carried  the  following  tonnages 
of  coal  fi^om  Warwickshire : — 


Yenr. 

QoantitieB. 

Year. 

QaantitiM. 

Tons. 

Tons. 

1854 

196,332 

1864 

151,535 

1855 

150,000 

1866 

152,881 

1859 

54,000 

1866 

159,010 

1862 

98,280 

1867 

211,144 

1863 

156,804 

1868 

183,346 

For  subsequent  years  the  coal  carried  by  the  London  and  North 
Western  Railway  appears  in  the  annexed  table,  distinguishing 
that  forwarded  to  stations  on  their  own  Une,  from  that  passed  on 
to  other  railway  lines : — 


Year. 

London  and  North- 
Western. 

To  Stations  on  other 
Lines. 

Total. 

Tons. 

Tona. 

Tons. 

1868 

159,348 

23,998 

183,346 

1869 

145,849 

38,037 

183,886 

1870 

148,571 

39,360 

187,931 

1871 

173,663 

38,716 

212,379 

1872 

178,889 

50,126 

229,015 

1873 

187,377 

61,073 

248,450 

1874 

128,874 

85,250 

214,124 

1875. 

127,702 

80,542 

208,244 

1876 

146,319 

101,991 

248,310 

1877 

145,178 

103,960 

249,138 

1878 

184,275 

124,245 

308,520 

1879 

177,465 

118,970 

296,435 

1880 

171,673 

134,579 

306,252 

The  Midland  Eailway  also  contributes  to  the  distribution  of 
coal,  extending  from  Derby  through  Tamworth,  and  from 
Leicester  to  Nuneaton  and  Whitacre  junction,  and  thence  to 
Birmingham ;  other  branches  bringing  it  in  communication  with 
the  London  and  North  Western  line.  The  Midland  Railway 
carried  the  quantities  stated  below  in  each  of  the  following 
years : — 
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Yew. 

CoalCanied. 

Year. 

Coal  Carried. 

TuDJi. 

Tons. 

1857 

2^.010 

1869 

62,903 

1858 

28,907 

1870 

75,863 

1859 

38,489 

1871 

86,826 

1860 

20,000 

1872 

119,122 

1861 

« 

1873 

158,799 

1862 

* 

1874 

162,512 

1863 

79,809 

1876 

174,442 

1864 

;           85,922 

1876 

165,085 

1865 

86,069 

1877 

164,279 

1866 

74,751 

1878 

233,022 

1867 

60,134 

1879 

295,673 

1868 

60,093 

1880 

308,697 

During  the  year  1880  the  quantity  of  coal  carried  by  the 
Midland  Bailway  amounted  to  808,697  tons,  showing  an  increase 
of  18,024  tons,  compared  with  the  previous  year. 

Cost  of  Production  and  Prices. — Much  of  the  coal  raised 
in  Warwickshire  is  used  for  domestic  purposes,  the  small  being 
employed  for  lime  and  brick  burning.  When  stacked  and 
exposed  to  the  weather,  a  considerable  amount  of  small  softened 
coal  is  found  after  the  removal  of  the  bulk.  In  1880,  Mr. 
Thomas  Smith  gives  the  average  profit  per  ton  on  working  the 
best  coals  as  8«.  lOd.  per  ton,  the  average  price  being  lOs.  lOd. ; 
the  real  average  being  reduced  by  the  lower  price  of  the  small 
coal  to  about  9$.  Sd.  per  ton  and  the  profit  to  2«.  9d.  per  ton,  the 
cost  of  gettLng,  work,  and  royalty  in  all  cases  at  that  period 
amounting  to  about  Is,  per  ton. 

The  entire  produce  per  acre  of  all  the  coal  seams  worked, 
amounting  to  14,521  tons  of  coals,  and  1,086  tons  of  lumps  or 
cobbles,  giving  a  total  of  15,607  tons  per  acre,  the  total  quantity 
left  in  the  workings  in  the  form  of  ribs,  being  about  1,612  tons 
per  acre.  Upon  the  usual  mode  of  working  at  this  period,  each 
man  got  per  day  two  tons  three  cwts.  of  coal ;  each  ton  costing, 
in  loading,  drawing  out,  banking,  and  loading  into  waggons,  from 
1$.  Sd.  to  la.  6d.,  timber,  powder,  and  sundries  included.! 

In  the  year  18701  the  following  were  the  prices  at  the  pit's 

mouth  at  the  undermentioned  collieries  in  Warwickshire : — 

Bedworthf  average,  6a.  9d. 
QloBccie^  best,  ICS. ;  slack,  2«.  6c?. 
Oriffy  average,  7«.  Qd. 
PeUy  best,  6«.  8(2. ;  slack,  3«.  4i. 
Wykm^  best,  6a.  2d. ;  slack,  da.  Ad. 

•  Not  sepaiatdy  distingniBbed.  f  Viner^s  Guide,  1836,  p.  141. 

X  Coal  Commission  Beport,  vol.  ill.,  Appendix,  p.  212. 
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Ten  years  later  the  average,  highest,  and  lowest  prices  of  coal 
and  slack  at  the  pit's  mouth  were  as  follows : — 


Prices. 

1880. 

1879. 

Coal. 

Slack. 

Coal. 

Slack. 

Average 

Highest     .        .        .     . 

Lowest  .... 

8.        d. 

6  6 

7  5 
6    0 

8.     d. 

4  6 

5  6 
2    0 

8.      d. 

7    2 

9     0 

6    0 

5.      d. 

4  0 

5  6 
2     0 

Population  employed  in  Coal  Kining  in  Warwickshire. — 
In  1854  there  were  1,646  persons  engaged  in  coal  mining,  pro- 
ducing 255,000  tons  of  coal.  Twenty-five  years  later  the 
production  of  the  coal-field  was  fourfold,  exhibiting  remarkable 
progress ;  the  details  of  the  eight  years  ending  1880  are  as  follows, 
with  the  output  of  the  coal-field  and  the  average  produce  per  man.* 


Year. 

FEBaONS  EMFIX>YED. 

1 

Avera^ 
per  Man. 

Under 
Ground. 

Above 
Ground. 

TotaL                Coal  raised. 

1 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 

3,578 
3,659 
3,505 
3,453 
2,990 
3,159 
3,244 
3,207 

Nos. 

1,070 
1,134 
1,099 
1,124 
1,022 
1,032 
1,020 
986 

Nos. 
4,648 
4,793 
4,604 
4,577 
4,012 
4,191 
4,264 
4,193 

Tons. 

832,387 

852,774 

803,851 

896,246 

922,879 

1,022,915 

1,054,759 

1,101,386 

Tons, 

179 

178 

174   . 

195 

230 

243 

247 

263 

The  steady  working  of  the  mines  appears  in  the  average  output, 
giving  an  increase  in  the  eight  years  of  84  tons,  equal  to  46  per 
cent,  per  man. 

The  ages  of  all  employed  in  the  year  1879,  under  and  above 
ground,  were  as  follows : — 


Ages. 

Under  Ground.          Above  Ground. 

From  12  to  13 

„      10  to  13   . 

„      13  to  16 
Above  16  .        .        .     . 

Total    . 

Nos. 

17 

•  •  ■ 

239 
2,988 

Nos. 

ft  *  « 

3 

76 

941 

3,244 

1,020 

*  Reports  of  H.M.  Inspectors  of  Mines. 
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Besonrces  of  the  Warwickskire  Coal-field  and  probaUe 
Duration. — The  total  acreage  of  coal  in  this  coal-field  to  a  depth 
less  than  8,000  feet  has  been  estimated  by  Mr.  J.  T.  Woodhouse 
at  163,617  acres,  of  which  158,909  acres  remained  unworked  in 
the  year  1870.     This  acreage  is  thus  distributed : — 


NomoofDiBtrict                        Jj^ 

Acreaf^ 
Unworked.        i 

Outside  the  Permian      .  {        161,196 

Proved  Sub-Permian      .              2,421 

1 

152,785 
1,124 

Total  acres    .           163,617 

153,909        i 

1 

Converting  the  total  acreage  into  tons,  at  the  estimated  rate  of 
1,566  tons  per  acre  per  foot  thick,  there  existed  originally  in  this 
coal-field  995,511,270  tons,  the  acreage  unworked  amounting  to 
815,882,625  tons;  and  of  this  quantity  there  remains — due 
allowance  being  made  for  coals  which  cannot  be  worked  from 
various  causes— 458,652,714  tons.  The  details  of  these  enumerated 
quantities  are  thus  given  in  the  Coal  Commission  Eeport  :* — 


District 

Total  estimated 

Tonnage  in 
Warwickahire. 

Tonnage 

remaining 

unworked. 

Net  Tonnage 
available  for 
conaumption. 

Outside  the  Permian 
Proved  Sub-Permian 

Total    . 

Tons. 
880,033,153 
115,478,117 

Tons. 
809,730,113 
5,652,512 

Tons. 
455,473,182 
3,179,532 

995,511,270 

815,382,625 

458,652,714 

The  total  quantity  of  coal  wrought  during  the  ten  years  ending 
1879  amounts  to  8,478,456  tons;  deducted  from  the  original 
estimate  leaves  450,179,258  tons  available  for  future  consump- 
tion. This  quantity,  taking  the  average  of  the  ten  years  (847,345 
tons),  would  afford  sufficient  supplies  for  581  years  hence,  while 
taking  the  production  of  1879  (1,060,016  tons),  the  exhaustion 
of  the  coal-field  would  occur  in  about  425  years.  It  should  be 
observed  that  the  estimate  of  coal  in  Warwickshire  includes  all  ' 
workable  seams  not  exceeding  a  depth  of  8,000  feet,  and  that  the 
output  of  the  coal-field  has  quadrupled  in  a  quarter  of  a  century, 
the  production  of  1880  exceeding  that  of  the  previous  year  by 
46,627  tons. 

♦  Vol.  i.  p.  31. 
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CHAPTEK    X. 

SHROPSHIRE    COAL-FIELDS. 

Description  of  Coal-fields,  and  Section  of  Strata  at  Coalbrookdale — ^Analyses,  Pro- 
duction, and  Distribution  of  Coal — Prices  and  Cost  of  Production — Population 
employed  in  Coal  and  Iron  Mining — Resources  and  probable  Duration  of  Coal- 
field. 

The  Shropshire  Coal-fielcUi. — The  coal  deposits  of  Shrop- 
shire are  not  found  occurring  in  one  unbroken  area,  like  those  of 
the  Great  jVIidland  coal-fields  of  Yorkshire  and  Derbyshire,  but 
rather  in  several  detached  tracts  or  areas,  aU  referable,  geo- 
logically, to  the  same  age.  Of  these  the  most  important  is  the 
coal-field  of  Coalbrookdale  ;  the  others  are  those  of  Shrewsbury, 
Oswestry,  the  Glee  Hills,  and  the  Forest  of  Wyre. 

The  Coalbrookdale  coal-field  has  an  area  of  twenty-eight  square 
miles,  and  extends  from  the  Severn,  near  Broseley  and  Iron- 
bridge  on  the  south,  having  an  irregular  western  boundary  at 
Coalbrookdale,  Little  Wenlock,  and  the  faults  a  mile  or  two  to 
the  eastward  of  Wellington,  where  it  has  its  greatest  width  of  about 
four  or  five  miles ;  it  then,  becoming  gradually  narrower,  extends 
to  Lilleshall  and  Church  Aston,  The  greatest  thickness  of  the 
coal  measures  in  this  area  exceeds  1,200  feet,  in  which  occur 
several  important  seams  of  coal.  Professor  Hull  gives  the  follow- 
ing succession  of  coal  seams,  and  their  varying  thickness  in  the 
Coalbrookdale  coal-field.* 

OOAL  8BAMS.  THICEKESS. 

Ft  In.      Pt  In. 

3.  Gar  Coal     .        .        .     )     end  of  coal-field. 

4.  Top  Coal from  4  0  to  4    6 

5.  Half-yard  Coal 16 

6.  Double  Coal dOtoGO 

7.  Yard  Coal 2  6  ,,  3    0 

8.  Big  Flint  Coal 3  0  „  4    6 

9.  Stinking  Coal 3  0  „4    0 

10.  ClxinchCoal ''2    0 

11.  Two-foot  and  Best  (with  parting)         ...  34 

12.  Bandle  and  Clod  Coal 4    0  to  6    0 

13.  Little  Flint  Coal 1    6  „  2    3 


•  i( 


Coal-fields  of  Great  Britain,"  4th  edition,  p.  143. 
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The  aggregate  average  thickness  of  the  seams  exceeding  two 
feet  in  this  section,  is  equal  to  27  feet  of  solid  coal.  It  is 
ohserrable  that  in  passing  from  the  north  to  the  south  of  the 
coal-field  the  thickness  of  the  measures  and  of  the  seams  of  coal 
diminishes  considerably.  This  appears  in  the  following  table, 
showing  the  number  of  seams  existing  in  different  parts  of  the 
coal-field,  and  how  much  they  vary  in  their  dimensions  in  the  pits 
referred  to,  the  united  thickness  of  the  mass  of  coal  in  any  one 
pit  not  being  dependent  upon  the  number  of  the  seams  :  * — 


No.  of  Beds 
of  Coal. 


Pits. 

Thickness  of 
Coal. 

Yds.    Ft    In. 

Hadley  «... 

15     0     0 

SnedsHill         .        .     . 

14     2     2 

Malinslee 

11     0  10 

Langley    . 

Dawley  .... 

11     2     6 

14     0    0 

Lightmoor                 .     . 

13     2     0 

Madeley 

10     2  10 

BroBoley    . 

7     0    9 

16 
12 
13 
11 
16 
17 
24 
13 


The  Shrewsbury  coal-field  is  of  less  extent  than  that  of  Coal- 
brookdale,  and  forms  a  narrow  band  from  the  base  of  Haughmond 
Hill,  east  of  Shrewsbury,  to  the  river  Severn,  near  Alberbury,  a 
distance  of  eighteen  miles,  its  greatest  width  in  any  one  place  not 
exceeding  one  mile.  In  the  lower  part  of  the  coal  measures  there 
are  two  or  three  seams  of  coal  worked,  but  only  to  a  limited 
extent.  The  other  coal  areas  of  Oswestry  and  the  Forest  of 
Wyre  possess  some  workable  seams  of  coal,  but  their  production  is 
not  very  considerable.  They  are  thus  referred  to  by  a  writer  in  the 
CoUiery  Guardian  +  familiar  with  the  district :  "  The  seam  won 
at  Highley  is  not  quite  4  feet  thick  of  good  coal ;  there  is  a  roof 
of  clod  some  2  feet  9  inches  thick,  and  a  bat  of  9  or  10  inches. 
At  Billingsley  this  same  seam,  at  a  depth  of  155  yards,  has  a 
thickness  of  6  feet  9  inches  gross,  and  they  have  in  addition  a 
*  half-yard,'  *  four-feet,'  and  a  '  two-feet '  seam,  besides  the  top  or 
sulphur  coal;  they  also  have  seams  of  fire-clay  (one  over  the  Brooch 
coal)  and  ironstone,  which  do  not  appear  at  Highley."  Billingsley 
is  situated  some  two  miles  to  the  north-west  of  the  last-mentioned 


♦  Coal  Commission  Report,  Vol.  iii.,  p.  122. 
t  Vol.  xxxviii.,  Nov.  28, 1879,  p.  854. 
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place,  and  it  appears  that  the  seams  of  coal  between  the  two 
places  thin  out  to  the  east  of  the  coal-field. 

Axialyids  of  the  Coal.  —  The  following  coals,  extensively 
employed  in  the  iron-works  of  the  district,  give,  upon  examina- 
tion, the  annexed  results,  each  100  parts  of  coal  consisting  of — 


1 

Name  and  Locality. 

Volatile    ;    Carbon 
Matter.     '    *^^^ 

Ashea.           «S?I??. 

Funffus  Goal  (Donnington) 
Top  Coal                 „             .     . 
Flrnt  Coal  (Madeley) 
Sulphur  Coal  (Ketley) .        .     . 
Best  Coal  (Madeley) 
Clod  Coal        ,,            ... 
Little  Flint  Coal  (Broseley)      . 

34-8 
37-1 
34-6 
4M 
34-3 
37-3 
38-3 

63-8 
62-1 
64-9 
66-1 
64-4 
62-7 
6M 

1-4 
0-8 
0-5 
2-8 
1-3 
10 
0-9 

1-245 
1-267 
1-269 
1-292 
1-273 
1-264 

•  •  • 

The  Top,  Yard,  Double,  and  Big  Flint  coals,  are  largely 
employed  for  manufacturing  purposes ;  the  Clod  Coal  and  Little 
Flint  being  most  valued  for  iron  smelting,  while  the  "  Fungus 
Coal,"  chiefly  confined  to  the  northern  area  of  the  coal-field,  is 
alike  useful  for  all  purposes  where  coal  is  employed. 

Production  and  Distribution  of  Coal  —  The  earliest  in- 
formation appears  for  the  year  1854,  when  the  48  coUieries  in 
the  county  raised  1,080,000  tons,  which  were  chiefly  employed  in 
the  iron  works  and  for  local  consumption.  Since  1854,  the 
number  of  collieries  and  production  of  coal  are  shown  in  the 
following  table : — 


Year. 

Collieries. 

CoaL 

Year. 

Collieries. 

Coal. 

No. 

Tons. 

No. 

Tons. 

1855 

56 

1,105,260 

1868 

64 

1,495,500 

1856 

55 

752,100 

1869 

69 

1,392,862 

1857 

55 

760,000 

1870 

59 

1.343,300 

1858 

57 

749,360       , 

1871 

59 

1,350,000 

1859 

59 

765,750 

1872 

60 

♦ 

1860 

68 

850,000 

1873 

60 

1,670,000 

1861 

66 

829,750 

1874 

65 

1,187,960 

1862 

65 

1,029,760 

1876 

64 

1,225,785 

1863 

66 

1,150,000 

1876 

64 

1,064,049 

1864 

66 

1,150,000 

1877 

61 

927,580 

1865 

69 

1,135,000 

1878 

63 

830,675 

1866 

63 

1,220,000 

1879 

62 

854,380 

1867 

62 

1,558,500 

1880 

66 

905,000 

Included  in  the  returns  of  production  for  North  StafEordshire  and  Cheshire. 
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To  the  distribution  of  the  Shropshire  coal,  the  London  and 
North  Western  Bailway  principally  contributes :  in  I8689  the 
earliest  return  is  met  with,  when  88,167  tons  were  carried  out  of 
the  county,  and  in  1866  but  75,280  tons;  the  Great  Western 
Bailway,  in  the  same  year,  carrying  796  tons  into  South  Stafford- 
shire. The  quantities  carried  in  later  years  appear  as  follows, 
together  with  that  passed  over  to  other  lines  by  th( 

London  and  Nobts  Western  Railway. 


Year. 

To  Stations  on  Line. 

To  other  Lines. 

Total  caxried. 

Tons. 

Tons. 

Ton& 

1867 

45,936 

•  •  ■ 

45,936 

1868 

59,186 

•  ■  • 

59,186 

1869 

116,020 

1,777 

117,797 

1870 

113,947 

3,370 

117,317 

1871 

109,519 

5,077 

114,596 

1872 

105,461 

4,903 

110,364 

1873 

100,354 

7,226       • 

107,580 

1874 

99,532 

7,559 

107,091 

1876 

99,529 

6,818 

106,347 

1876 

88,374 

3,688 

92,062 

1877 

101,552 

3,090 

104,642 

1878 

82,862 

2,845 

85,707 

1879 

65,230 

3,885 

69,115 

1880 

103,502 

2,831 

106,333 

Prio60  and  Cost  of  ProdnctioiL  —  Forty  years  ago  this 
question  was  carefully  considered,  both  as  regards  coal  and  iron- 
stone ;  *  the  Fungus  Coal,  the  uppermost  in  the  series,  yielding 
16  cwts.  of  marketable  coal  to  each  cubic  yard,  of  which  10  cwts. 
were  large  coal,  2  cwts.  lumps,  and  8  cwts.  slack.  At  this  period 
the  cuttings,  or  perpendicular  channellings,  to  facilitate  the 
bringing  down  of  the  coals,  were  situated  at  from  four  to  five 
yards  distance  from  each  other,  and  to  bring  down  and  clear 
away  the  usual  line  of  80  yards  in  one  day  cost  £&  8«.,  distributed 

as  follows : — 

£    8,  d, 
3  holers  at  2«.  9<2.  per  day  .083 

3  bniflheni  and  ooggers,  Ss,  Zd 0    9    9 

Drawing  out 160 

Total £2    3    0 

and  producing  of  coals,  17  tons ;  lumps,  8  tons  8  cwts.,  and 
slack,  6  tons  2  cwts.,  in  all  a  total  of  25  tons  10  cwts.    The  cos^ 

*  ThonuM  Smith's  *<  Miner's  Guide/'  1836,  p.  118. 
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and  production  of  each  seam  of  coal  (per  ton)  appear  in  the  sub* 
joined  statement : — 


Warn  A  n't  f^fim\  CTaaiiia 

1*li<MlmAas 

COST  PER  TOM. 

PI  WHO  VX  VMU  OOUUB.                             AuavflUAooB. 

1 

Coals.              Lamps. 

Slack. 

Fungus  Goal  . 

Stone        .                .    . 

Top     •  . 

Double                      .    . 

Yard      .... 

Flint         .... 

Bandle  and  Clod    . 

Total    . 

Yds.    Ft. 
1      0 
1      1 

1  2 

2  0 
1     0 

1  2 

2  1 

8.     d. 
2     Oi 
1  11 
1     7 

1  9 

2  0 
1  lOi 
1     9 

8.     d. 
1     2 
1     2 
1     2 
1     2 
1     2 
1     2 
1     2 

8.    d. 
1     0 
1     0 
1     0 
1     0 
1     0 
1    0 
1     0 

11     0 

12  11 

8     2 

7    0 

Average  cost  . 

Dead  work 

Royalty  .... 

•                      a            • 

>er  ton 

1  10 

2  0 
0    8 

1  2 

2  0 
0    4 

1  0 

2  0 
0    2 

Average  cost  j 

4     6 

3    6 

3     2 

The  same  authority,  considering  the  yield  per  acre  of  the  above 
seams  of  coal,  estimates  the  produce  as  follows,  to  which  is  added 
the  royalty  per  ton,  and  the  total  royalty  per  acre  : — 


Prodnce  iier 
Acre. 

Royalty. 

Amount  of 
Royalty. 

Coals     .... 
Lumps      .        .        .     . 
Slack     .... 

Tons. 
26,620 
5,324 
7,986 

8.     d. 
0    8 
0    4 
0     2 

£       8.     d. 

887    6    8 
88  14     8 
66  11     0 

Again,  the  average  quantity  of  coal  wrought  b^  each  man  per 
day  is  stated  as  follows : — 


Coal  Seams. 

Coals. 

Lumps. 

Slack. 

Fungus              •        .     . 
Stone     .... 

Top 

Double  .... 
Yard                           .     . 
Flint      .... 
Bandle  and  Olod       .     . 

Total  per  day 

Average  per  day   . 

Tons.  Cwts.  Qrs. 

2  16     2 

3  4     2 
5     13     1 
3     15     2 
3      0    0 
3      6     2 
5     14     1 

Tons.  Cwts.  Qrs. 
0      11      1 
0     12    3 
0      0    0 
0     15    0 
0     12    0 

0  13     1 

1  2     3 

Tons.  Cwts.  Qrs. 
0      17      0 

0  19     1 
18    2 

1  2     2 

0  18    0 
10    0 

1  14     1 

27 

10     2 

4       7     0 

7 

19     2 

3 

18     2 

0     12     2 

1 

2     3 
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The  aggregate  of  these  totals  gives  an  average  of  5  tons  18  cwts. 
8  qrs.  got  by  each  miner  per  day  of  coal  from  the  above-named 
seams  of  coal. 

Following  the  prices  obtained  per  ton  at  the  pit's  bank  in  1868, 
the  annexed  shows  generally  the  average:  Top  Coal^  at  Old 
Park  Colliery,  10s.  4d.  per  ton;  Double  Coal,  8«.  6d. ;  Yard 
Coal,  88.  6d. ;  Flint,  9«.  6d.  to  10«. ;  New  Mine,  6s.  6d. ;  Two- 
foot,  88.,  and  Little  Flint,  lOs.  4d.  per  ton. 

Mr.  T.  Parton,  F.G.S.,  in  his  notes  on  the  Shropshire  coal- 
field,^ writing  in  the  year  1868,  states  that  at  that  time  the  cost 
of  extracting  the  coal  and  ironstone  varied  according  to  special 
circumstances,  and  gives  the  annexed  as  the  prices  delivered  on 
colliery  bank  as  a  very  close  approximation : — 

Top  Coal from 

Double  Coal 

Yard  Coal 

Blue  Flatt  Ironstone 

White  Flatt  Ironstone 

Big  Flint  Coal 

Penny  Stone  Ironstone 

Stinking  Coal 

Two-foot  and  Best  Coal         .... 

BandleCoal 

Clod  Coal 

Little  Flint 


a 


it 


)> 


)> 


}> 


99 


>) 


iJ 


f  » 


>f 


8. 

d. 

s. 

d. 

3 

Oto    4 

0 

2 

6  „ 

>    3 

0 

3 

6  „ 

,    4 

6 

7 

0   u 

.10 

0 

9 

0  „ 

11 

0 

3 

0  n 

3 

6 

6 

0  „ 

.    9 

0 

3 

0  „ 

,    4 

0 

3 

0  „ 

,    4 

3 

3 

0  „ 

.    3 

6 

3 

0  , 

,    4 

0 

4 

6  „ 

,    6 

0 

These  prices  may  be  regarded  as  the  highest  and  lowest 
incurred  in  getting  the  coals  and  ironstones,  fluctuating  according 
to  the  rate  of  wages. 

The  average  prices  of  coal  and  slack  during  the  years  1878  and 
1879  exhibit  but  little  variation,  and  in  the  last-named  year  were 
quoted  as  follows,  to  which  is  added  the  highest  and  lowest 
prices  ruling  throughout  the  year : — 


Year. 

Average. 

1 

Highest                  Lowest. 

1879  1 

1880  1 

Coal 

Slack  .        .        .     . 

Coal 

Slack .        .        .     . 

8.     d,         '           s.     d, 

8  9               13    4 

3  10                 5  10 

9  2               13    4 

4  3                 6    3 

8.     d. 
6     0 

2     6 
6     8 
2     6 

Comparing  these  prices  with  those  ruling  in  the  year  1873, 


•  Vol.  XV.  «  Colliery  Guardian,"  1868,  p.  223. 
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known  as  the  year  of  the  ''  Coal  Famine/'  it  appears,  in  evidence 
before  the  Select  Committee  on  Coal,*  that  in  Shropshire, 
Cheshire,  and  North  Staffordshire,  the  price  of  coal  per  ton  in 
these  districts  rose  from  7s.  6d.  to  20s.,  while  as  regards  slack, 
which  previous  to  the  year  1872  was  sold  from  2s.  M.  to  2s.  6d» 
per  ton,  it  rose  in  this  last-named  year  to  lOs.  6d. ;  the  great 
demand  for  coal  at  this  period  arising  in  Shropshire  from  the 
iron  manufactures,  and  in  Staffordshire  from  the  earthenware 
industries. 

FopnlAtioii  employed  in  Coal  and  Xroii  Mining. — The 
number  of  male  persons  employed  in  coal  and  iron  mining  in 
Shropshire,  according  to  official  returns  for  the  year  1854,  was 
6,722 ;  of  these  4,680  persons  were  engaged  in  coal  mining,  and 
1,142  in  iron  mining,  the  yield  of  coal  the  same  year  being 
1,080,000  tons.  In  later  returns  the  persons  employed  are  included 
in  other  districts,  but  when  the  Coal  Mines  Regulation  Act,  1872, 
came  into  operation,  and  since,  very  complete  accounts  have 
appeared  in  the  Reports  of  Her  Majesty's  Inspectors  of  Mines, 
showing  the  number  engaged  under  ground  and  above  ground, 
together  with  the  quantities  of  coal  raised.  These  details  appear 
in  the  annexed  table,  to  which  is  added  the  average  tonnage  of 
coal  raised  per  person  in  each  year : — 


PERSONS  SMPLOYBD. 

1 
1 

Coal  raised. 

Average 

1          Total 
Minerals 

Average 

Year. 

^. 

Under 

Above    t    m  x^. 
Ground.       ^°^*- 

Han. 

raised.t 

Ground. 

1          Tons. 

Tons. 

Tons. 

Tons.  1 

1873 

•  •  • 

•  ■ •                      a  •• 

1,262,490 

■  •  • 

1,858,870 

1 

1874 

0,635 

2,487     8,122 

1,188,490 

146 

1,623,310 

200 

1875 

5,513 

2,204     7,717 

1,225,180 

158 

1,721,720 

223 

1876 

4,684 

1,896     6,580 

1,059,740 

161 

1    1,558,840 

236 

1877 

4,191 

1,583     5,774 

921,700 

159 

,    1,343,370 

233 

1878 

3,766 

1,468     5,234 

827,200 

158 

1,195,600 

213 

1879 

3,423 

1,348     4,771 

822,400 

172 

995,295 

208 

1880 

3,546 

1,235     4,781 

905,000 

189 

1,168,900 

244 

The  total  of  persons  given  as  employed  in  coal  mining  also 
includes  those  engaged  in  raising  fire-clay  and  ironstone  ;  it  is 
therefore  desirable  to  take  the  total  of  minerals  raised  to  follow 
more  clearly  the  average  produce  per  man,  which  appears  in  the 
last  column. 

*  Mr.  Thomas  Wynne,  H.M.  Inspector  of  Coal  Mines.    Beport,  Coal,  1878,  p.  42. 
t  Including  coal,  fireclay,  and  ironstone. 
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BMionrces    and    probaUe   Duration    of   Coal-field. — ^In    the 

Beport  of  the  Royal  Coal  Commission,  the  quantity  of  unworked 
coal  remaining  in  the  Shropshire  field  is  included  in  the  returns 
of  South  Staffordshire  and  East  Worcestershire.  It  has,  how- 
ever, been  estimated  by  reliable  authorities  that  the  available  coal 
remaining  in  Shropshire  did  not  exceed  20,000,000  tons  in  the 
year  1870.  At  the  then  rate  of  production,  1,848,800  tons,  the 
exhaustion  of  the  deposits  may  be  expected  at  no  very  distant 
period.  Since  that  date,  however,  the  production  has  fallen  off, 
being  only  822,400  tons  in  the  year  1879,  compared  with 
905,000  tons  in  1880,  showing  an  increase  of  82,600  tons  in 
the  last-named  year. 


CHAPTEK    XI. 

NORTH    STAFFORDSHIRE    COAL-FIELD. 

Dotcription  of  Coal-field,  its  Extent,  Area,  and  Succession  of  Strata— Coal  Seams 
and  Ironstone  Measures — Chcadle  Coal-field — Analyses,  Production,  and  Dis- 
tribution of  Coal — Quantities  Consumed  in  Ironworks,  Potteries,  Brick-woriES, 
&c.— Price  of  Coal  and  Cost  of  Production — Population  Employed  in  Coal  and 
Ironstone  Minings  Resources  and  probable  Duration. 

Vorth  StafforcUihire  Coal-field. — This  coal-field  is  remark- 
able for  the  number  and  richness  of  its  beds  of  coal  and  ironstone. 
The  coal-iield  is  triangular  in  form,  with  its  apex  at  the  base  of 
Congleton  Edge,  and  deeply  indented  along  its  southern  margin  by 
spurs  of  the  Permian  formation,  which  runs  far  into  the  heart  of 
the  coal  measures  through  the  agency  of  faults.  The  coal-field  has 
an  area  of  75  square  miles  and  even  more,  if  the  coal  lying  under 
the  Permian  rocks  to  tlie  south  were  included.  It  extends  from 
Handford  Lane  End  and  Longton  on  the  south,  to  Biddulph  on 
the  north,  again  from  Oakmoor  and  Cheddleton  on  the  east  to 
Madeley  on  the  west.  Its  resom*ces  of  coal  and  u'onstone  greatly 
exceed  that  of  the  South  Staffordshire  coal-field,  though  smaller 
in  its  area.  It  has  twice  the  thickness  of  workable  coal,  and 
many  of  tlie  seams  of  coal  are  roofed  by  measures  of  rich  argil- 
laceous ores  of  iron. 

The  coal  measm*es  are  divided  into  upper,  middle,  and  lower 
measures  ;  tlie  upper  series  of  which  is  barren  of  profitable  coal, 
wliile  tlie  middle,  or  pottery  coal  and  ironstone  measures,  4,000 
feet  thick,  contain  no  less  than  40  seams  of  coal,  besides  numerous 
bands  of  ironstone.  The  lower  division  includes  beds  of  black 
shales  and  flags,  with  17  or  18  seams  of  coal,  each  having  a 
tliicknoss  exceeding  two  feet.  In  one  area  of  this  coal-field  a 
tliiekness  amounting  in  the  aggregate  to  140  feet  of  coal  exists ; 
in  anotlier,  where  24  seams  of  coal  occur,  a  total  thickness  of 
109  feet  of  coal  has  been  ascertained,  interstratified.with  nu- 
merous courses  of  "  black  band "  or  carbonaceous  iron  ore, 
var^'ing  from  two  to  six  feet  in  thickness,  and  crowded  with  the 
characteristic  fossil  shells  '*  Anthracosia  "  and  ''Anthracomya.'* 
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The  annexed  section  shows  the  order  of  occurrence  of  the 
several  coal  seams  and  intervening  strata,  with  the  respective 
thicknesses : — 

COAL  S1AM8  AND  INTBRYBHIKO  STRATA.  THI0KNB8S. 

Ft       lu. 

Peacock  Coal 6    6 

Strata 20    0 

Spencroft  Coal 3    9 

Strata 121     0 

Oreat  Bow  Coal 8    0 

Strata 71    0 

Cannd  Bow  CocU 5    0 

Strata 64    0 

Wood  Mine  Coal 2    0 

Strata 29    0 

Deep  Mine  Coal 2    8 

Strata 361    0 

Winghay  Coal 4    6 

Strata 377    0 

Aah  or  Bowhurst  Coal 8    0 

Strata 121    0 

Burnwood  CocU 5    0 

Strata 68    0 

Golden  Twist 3    6 

Strata 486    0 

MossfieldCoal 4    7 

Strata 30    0 

Coal 3    0 

Strata 270    0 

Birchea  Coal 4    6 

Strata 300    0 

Ten-foot  Coal 6    0 

Strata 102    0 

Bowley  Alley  Coal ..46 

Strata 81    0 

ffoUy  Lane  Coal 5  10 

Strata 84    0 

Sparrow  BaUa  Coal 4    9 

Strata 222    0 

Flats  Coal 3    0 

Strata 108    0 

Frog*$  Bow  Coal 4    6 

Strata 30    0 

Godhead  Coal 4    6 

Strata 420    0 

BuUhursi  Goal 4    0 

Strata 60    0 

Wifq>enny  Goal 3    0 

In  the  northern  part  of  the  coal-field  at  Bugged  Mow  Cop,  to 
the  south  of  Congleton,  some  sixteen  coal  basins  or  coal  areas, 
more  or  less  separated,  can  be  distinguished,  all  geologically  of 
the  same  age.  The  resources  of  this  coal-field  are  considerable, 
presenting  a  total  thickness  of  150  feet  of  coal,  and  an  available 
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quantity  for  future  use  amounting  to  4^826  millions  of  tons  of 
coaly  as  ascertained  by  the  Boyal  Coal  Commission,  allowing 
for  necessary  deductions;  while  if  the  whole  of  the  workable 
seams  of  coal  and  ironstone  were  spread  over  the  area  of  the 
coal-field,  the  solid  thickness  of  coal  would  be  represented  by  82 
feet,  and  the  ironstone  by  a  thickness  of  five  feet. 

The  ironstone  deposits  of  this  coal-field  are  no  less  remarkable 
than  the  seams  of  coal ;  they  are  extremely  numerous,  and  exist 
abimdantly  in  the  districts  of  Longton,  Hanley,  and  Newcastle- 
under-Lyme.  In  a  section  of  measures  at  the  Longton  Colliery 
of  250  yards  nine  distinct  seams  are  worked.  At  Apedale,  three 
miles  north-west  of  Newcastle-under-Lyme,  the  principal 
measures  occurring  are  the  *'  Black  Band  "  '*  Red  Shag ,"  ^^  Bossy 
Mine,*'  and  "  Red  Mine,''  having  a  thickness  respectively  of  four, 
six,  seven,  and  nine  feet.  The  following  are  the  more  important 
measures  of  ironstone  worked,  the  yield  varying  according  to  the 
thickness  and  regularity  of  the  seams.* 

At  Shelton  the  ^^  Red  Shag,"  a  black  band  ironstone,  has  a 
thickness,  exclusive  of  shaly  partings,  of  from  15  to  17  inches, 
lying  immediately  upon  a  seam  of  coal  12  inches  thick;  this 
ironstone  is  extensively  exported  in  a  calcined  state  to  the 
districts  of  South  Staffordshire.  This  ironstone  contains  so 
large  a  proportion  of  carbonaceous  matter,  that  no  coal  is 
required  for  its  calcination. 

The  "  Gutter  ironstone,'  though  somewhat  poor  at  Shelton,  is 
said  to  be  the  same  measure  between  Chesterton  and  the  mouth 
of  the  Harecastle  tunnel,  where  it  attains  the  great  thickness  of 
six  feet ;  this  stone,  when  mingled  in  certain  proportions  after 
calcination  with  haematite,  is  employed  as  a  "puddle  ore." 

The  "  Red  Mine  "  of  Silverdale  and  Apedale,  next  in  descend- 
ing order,  lies  upon  a  seam  of  coal  two  feet  thick ;  the  ironstone 
measure  is  variable  in  thickness,  the  average  of  which  may  be 
taken  as  14  inches. 

The  ^^  Bossy  Mine,"  also  called  '^Red  Mine,"  is  a  measure 
well  developed  in  the  eastern  part  of  the  coal-field,  where  it  has 
been  extensively  wrought.  This  measure  at  Shelton  has  a 
thickness  of  80  inches,  and  is  calcined  in  large  heaps  of  2,000 
tons,  parts  of  another  measure  called  the  **  Cannel  Eow  "  being 
used  in  certain  proportions  to  assist  in  the  calcination.     At  the 

♦  "  Iron  Ores  of  Great  Britain,"  Part  ir.,  pp.  272-3. 


CHAP.  XI.]  NORTH  STAFFORDSHIRE   COAL-FIELD.  14S 

Lane  End  Iron  Works  these  ^'  black  band  "  measures,  that  is  the 
"  Red  Shag "  and  "  Red  Mine,"  are  employed  in  about  equal 
proportions  with  argillaceous  ironstone,  chiefly  the  "  Pennystone,'* 
with  the  addition  of  some  haematite  from  the  west  coast,  in  the 
manufacture  of  pig  iron. 

The  Cannel  Mine  next  occurs ;  at  Apedale  it  is  described  as  a 
black  dull  compact  ironstone,  with  a  fracture  slightly  conchoidal, 
and  calc  spar  sparingly  exhibited  in  the  faces  of  the  joints.  Six 
beds  of  these  nodules,  together  12  inches  thick,  occur  in  a  section 
of  five  feet  six  inches,. and  it  is  reported  to  yield  about  18  cwts. 
of  ironstone  to  the  square  yard. 

The  **  Gabbin  ironstone  "  measure,  occurring  some  20  feet  below 
the  Spencroft  Coal,  is  a  measure  from  13  to  16  inches  in  thickness, 
interstratified  with  partings  of  shale,  and  bearing  a  strong  resem- 
blance to  the  measure  of  the  saxae  name  in  South  Staffordshire. 

The  **  Cannel  Row "  and  the  "  Pennysione "  measures  of 
Shelton  are  other  important  seams,  the  latter  consisting  of  three 
bands  of  an  aggregate  thickness  of  20  inches,  the  lowest  band 
being  from  10  to  12  inches  in  thickness,  consisting  of  a  brown 
stripy  coarse-grained  stone,  with  occasional  laminse  of  black 
shale,  and  containing  broken  fossil  remains,  and  occasional 
crystalline  portions  of  zinc  blende. 

The  *'  Deep  Mine''  and  "Chalky  Mine''  at  Lane  End:  the 
former  consisting  of  three  bands,  and  generally  regarded  as  the 
richest  measure  of  the  district,  yielding  10  cwts.  per  square 
yard ;  while  the  latter,  12  inches  in  thickness  in  four  bands,  yields 
an  average  of  12  cwts.  of  ironstone  per  square  yard.  A  few 
other  ironstone  measures  occur  in  depth,  notably  the  New  Mine, 
Little  Mine,  and  Brownstone,  capable  of  producing  from  10  to 
12  cwts.  to  the  yard.  Fish  remains  are  found  in  quantity  in  the 
associated  shales  of  these  measures. 

TIm  Cheadle  Coal-field. — This  coal-field  is  of  comparatively 
small  area,  its  breadth  from  east  to  west  being  about  four  miles, 
while  its  length  from  Ipstones  to  Mobberley  has  a  range  of  five 
miles.  The  coal-field  is  but  slightly  productive,  being  composed 
of  only  the  lower  strata  of  the  formation.  Near  the  town  of 
Cheadle  the  following  seams  are  worked  : — 


TvH>-yaTd  Coal, 
Half-yard  Coal. 
Yard  Coal. 


Littley  Coal, 
Four-foot  Coal, 
Woodkead  Coal,  3  ft.  thick. 
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These  seams  crop  out  towards  the  north,  west,  and  east, 
making  a  sort  of  trough,  and  they  ultimately  pass  below  the  new 
red  sandstone,  between  Dilhome  and  Mobberley  towards  the 
south.  To  the  north  of  the  coal-field  rise  the  high  moorlands 
of  the  millstone  grit ;  and  the  strata  which  immediately  overlie 
this  formation  are  finely  opened  up  by  the  deep  channel  of  the 
river  Chumet.  The  coal  measures  reposing  on  the  millstone 
grit  give  a  thickness  of  about  370  yards,  in  which  at  intervals 
occur  bands  of  argillaceous  ironstone. 

The  working  of  the  coal  and  ironstone  in  North  StaflFordshire 
presents  some  interesting  features,  which  are  thus  described. 
Owing  to  the  high  dip  of  the  beds  of  this  coal-field,  14  to  16 
inches  to  the  foot,  the  coal  has  to  be  worked  by  system  of  pillars 
40  feet  long  by  only  10  feet  thick,  the  great  inclination  not 
allowing  them  to  be  any  broader.  The  mode  of  working  adopted 
is  thus  explained.  The  main  level  or  "horse  road"  is  driven 
horizontally  with  the  cleat  of  the  coal,  together  with  an  "  air 
head  "  10  yards  oflf  on  the  upper  side,  which  is  thirled  into  every 
20  yards  for  ventilation.  This  air  head  afterwards  takes  the 
return  air  from  the  workings  to  the  "  up  take,'*  and  no  miner  is 
allowed  to  enter  it.  At  every  160  yards  a  bord  or  break  dip  (so 
called  from  a  break  situated  at  the  top  to  allow  the  full  car  to 
pull  up  the  empty  one)  is  driven  *'  up  bank  "  at  right  angles  to 
the  main  level,  the  longest  being  110  yards.  A  smaller  bord  for 
air  is  likewise  run  up  beside  this  and  thirled  into  every  ten  yards. 
On  reaching  the  top,  two  drifts  are  put  out  from  each  break  dip  at 
10  yards  apart,  and  the  air  *'  bratticed "  up  by  canvas  for  40 
yards,  when  it  is  thirled.  These  drifts  from  either  side  meet  at 
80  yards,  and,  after  thirling  again,  the  narrow  pillars  (of  40  by 
10  yards,  as  before  mentioned)  are  worked  away  against  the  cleat, 
the  air  being  made  to  pass  along  the  face  of  the  work.  As  soon 
as  taking  away  the  pillars  above  is  fairly  commenced,  the  next 
drift  is  driven,  so  that  the  working  of  the  pillar  above  is  always 
slightly  in  advance  of  that  immediately  below. 

The  ironstone,  occurring  in  measures  of  varying  thickness,  is 
worked  nearer  the  surface  on  the  west  (well  seen  at  New  Chapel), 
where  the  dip  is  inconsiderable.  Owing  to  the  thin  beds,  ponies 
are  used  entirely,  and  the  mode  of  getting  the  stone  to  the  main 
levels  is  one  of  the  most  primitive  to  be  seen  anywhere.  A  man 
loads  the  ore  on  a  wooden  sleigh,  which  he  then  drags  on  his 
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hands  and  knees,  through  a  small  road,  made  through  the  Gob 
by  packing  up  with  stones  on  each  side.  The  ironstone  is 
worked  away  in  a  face  of  30  yards  by  "  holing  "  the  shale  below, 
and  putting  the  shot  in  above. 

Analyses  of  the  CoaL — The  following  analyses  of  coals  raised 
by  the  Chatterley  Iron  Company  from  their  Whitfield  Colliery, 
near  Tunstall,  are  given  by  Mr.  Charles  Homer,  F.G.S.,  in  his 
paper  on  the  North  Staffordshire  Coal-field  and  the  ironstone 
measures  contained  therein.*  The  coal  seams  examined  were  as 
foUows : — 

LUtU  Row  Coa7.— Worked  at  a  depth  of  781  yds.,  2  ft.  9  in.  to  3  ft.  3  in. 

thick,  a  eood  household  coal,  sold  chiefly  in  the  London  market ;  is  of  a 

fine  bright  appearance  and  of  first-class  quality. 
Old  WkUfiM  Coa/.^Worked  at  a  depth  of  801  yds. ;  the  seam  is  3  ft  9  in. 

thick ;  is  a  good  blast-fdmaoe,  steam,  and  manufacturing  coal,  and  is 

also  in  demand  for  household  purposes. 
Bowling  AUey  Coal. — ^Worked  at  a  depth  of  921  yds. ;  the  seam  is  from  3  ft. 

6  in.  thick ;  is  a  good  manufacturing  and  household  coal,  and  is  also 

used  for  ironmaking. 
Holly  Lane  Coal, — Worked  at  a  depth  of  947  yds.,  the  seam  varying  from 

3  ft.  6  in.  to  4  ft.  thick ;  is  one  of  the  best  household  coals  in  the  district, 
has  a  good  roof  and  floor,  and  is  cheaply  got. 

Mard  iftneCW.— Worked  at  a  depth  of  948  yds. ;  it  varies  from  3  ft.  6  in.  to 

4  ft.  6  in.  thick,  and  takes  its  name  from  i^  extreme  hardness,  and  from 
the  analysis  it  will  be  seen  that  it  is  the  best  coal  in  the  district  for 
bhurt-foiiiaoe  purposes,  for  which  it  is  solely  used,  and  in  great  demand. 
It  is  also  a  first-class  locomotive  coal. 


Results  Tabulated. 


ConnUtucnts.                        ^^ 

Old 
Whitfield. 

Bowling 
AUey. 

HoUy 
Idine. 

Hard 

Mine. 

Fixed  carbon                         61*59 
Volatile  hydro-carbon    .  '    37*40 
Sulphur         .                         0-20 
Ash 1      0-81 

61-27 

37-61 

0-12 

100 

6313 

31-70 

0-62 

4-55 

61-79 

37-35 

006 

0-80 

63-50 

34-85 

0-00 

1-65 

Total.                .     10000 

10000 

100-00 

10000 

100-00 

Ptoduotioii  and  Distribntum  of  Coal.— In  the  year  1856,  for 
the  first  time,  the  particulars  of  the  output  of  the  North  Stafford- 
shire Collieries  are  separately  distinguished  from  those  of  South 
Staffordshire  and  Worcestershire ;  the  collieries  being  grouped  in 
the  following  districts,  numbering  123,  and  producing  an  aggre- 
gate of  1,295,000  tons  :— 

*  Jonmal  of  the  Lron  and  Steel  Inatitate,  1875,  p.  340. 
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XOKTH  STArrORDSHI&I. 


HVXBBR  or  OOLLnUXB. 


Cheadle 16 

Longton 23 

Haiiley 12 

Burslem 18 

TunstaU 15 

Biddulph 12 

Newcastle-under-Lyme 27 

Total  .        .     .    123 

The  number  of  collieries  for  a  few  years  shows  little  variation. 
In  the  year  1860  the  production  amounted  to  2,376,500  tons,  the 
distribution  of  which  was  as  follows : — 

DISTRIBUTIOK.  TOKS. 

Coal  used  in  iron-works 538,700 

,,        „    in  the  potteries 150,000 

„        „    ,,  ordinary  local  consumption    ....  875,000 

Colliery  consumption 15,500 

Sent  out  of  district 797,300 

Total  •     .  2,376.500 

Following  the  production  of  coal  in  North  Staffordshire  since 
1860,  the  annexed  table  gives  the  number  of  collieries  and 
their  output,  and  side  by  side  the  production  of  South  Stafford- 
shire and  East  Worcestershire  in  each  of  the  same  years : — 


Year. 

No.  of 
Collieries. 

North  Stafford. 

South  Stafford, 
and  East  Worcester. 

Total  of  County. 

Tons. 

Tons. 

Tons. 

1861 

128 

2,372,500 

4,881,250 

7,253,750 

1862 

114 

2,537,250 

4,985,500 

7,522,750 

1863 

114 

2,698,500 

5,171,820 

7,870,320 

1864 

117 

3,196,500 

8,263,351 

11,459,851 

1865 

125 

3,495,750 

8,705,239 

12,200,989 

1866 

107 

3,734,814 

8,664,966 

12,399,780 

1867 

117 

3,747,814 

8,779,509 

12,527,323 

1868 

113 

3,545,830 

8,748,950 

12,294,780 

•  1869 

112 

3,724,712 

8,944,395 

12,669,107 

1870 

108 

3,873,562 

9,356,500 

13,230,062 

1871 

115 

4,250,000 

10,031,250 

14,281,250 

1872 

121 

• 

10,550,000 

•  •  • 

1873 

123 

3,892,019 

9,463,559 

13,355,578 

1874 

156 

4,313,096 

8,389,343 

12,702,439 

1875 

157 

4,456,213 

10,251,791 

14,708,004 

1876 

152 

4,077,548 

10,081,067 

14,158,615 

1877 

143 

4,149,975 

9,841,191 

13,991,166 

1878 

145 

4,072,416 

9,130,774 

13,203,190 

1879 

144 

4,025,535 

9,350,000 

13,375,535 

1880t 

144 

4,074,800 

9,660,000 

13,734,800 

•  Included  in  production  of  CheBhire  and  Shropshire,  giving  a  total  of 
6,327,188  tons.  Estimated  production  of  North  Staffordshire  in  the  year  1872 — 
4,000,000  tons.  f  Reports,  H.M.  Inspectors  of  Mines,  1880. 
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The  greater  part  of  the  coal  raised  in  North  Staffordshire  is 
consnmed  in  the  numerous  industries  located  in  the  area;  the 
most  important  of  these  are  the  ironworks,  potteries,  and  brick 
mann&ctures ;  some  quantities  are  sent  out  of  the  district  by  the 
Trent  and  Mersey  navigation,  and  the  North  Staffordshire  Kail- 
way.    In  the  year  1871  the  distribution  of  coal  was  as  follows  :— 

DISntlBUTIOH  or  OOAL.  TONS. 

Used  in  iron  works 1,825,000 

Potteries  and  brick  works 765,000 

Other  manufEUstures 525,951 

North  Staffordshire  Bailway 241,841 

Trent  and  Mersey  Canal 356,964 

Local  distribution  by  railway 505,244 

Colliery  consumption 30,000 

Total 4,250,000 

Since  1871  the  following  statement  will  give  the  quantities  of 
coal  consumed  and  distributed  as  stated : — 

Distribution  by  Bailwat. 


TRKKT  AND 

LOMDOK  AND 

NORTH  OTAFrOBDSHIRB. 

MERSEY. 

NORTH-WESTERN. 

Year. 

EzportatL 

LocaL 

Local. 

Exported. 

Tom. 

Tons. 

Tons. 

Tons. 

1872 

266,025 

556,768 

331,930 

59,152 

1873 

472,097 

476,454 

297,180 

83,534 

1874 

674,924 

517,336 

271,016 

95,070 

1875 

632,283 

558,086 

266,869 

89,077 

1876 

739,978 

632,547 

215,949 

73,738 

1877 

753,141 

609,879 

265,267 

58,645 

1878 

727,304 

472,940 

244,157 

63,129 

1879 

891,974 

473,765 

250,920 

73,602 

1880 

863,704 

387,791 

288,321     • 

1       79,595 

In  each  of  the  same  years  the  coal  used  in  the  iron  works, 
brick  works,  and  potteries  were  as  foUows,  to  which  is  added  the 
coal  used  for  domestic  and  other  local  consumption : — 


Year. 

Iron  Worka. 

Potteries, 
Brick  Works. 

Domestic  and 
local  u^. 

Tons. 

Tons. 

Tons. 

1873 

1,376,000 

750,000 

400,000 

1874 

1,000,000 

950,000 

750,000 

1875 

1,250,000 

950,000 

650,000 

1876 

1,050,000 

850,000 

600,000 

1877 

1,228,429 

750,000 

900,000 

1878 

1,250,000 

750,000 

900,000 

1879 

700.000 

!          650,000 

838,510 

1880 

780,000* 

1          670,000* 

863,842* 

Estimated  quantities. 


L  2 


148 


COAL  AND  IBON  INDUSTRIES. 


[part  I. 


Following  the  returns  of  production  and  the  distribution  of 
coal  in  North  StaflFordshire,  the  year  1875  appears  as  the  one  of 
greatest  production,  when  4,456,213  tons  of  coal  were  raised,  the 
distribution  of  which  is  thus  accounted  for ;  side  by  side  will  be 
found  similar  details  for  the  years  1879  and  1880 : — 


Distribution.                                    1875.           |           1879. 

1880. 

Nor(^  StaffordAhire  Bailway,  ) 
out  of  District       .        .         ) 

Local  distribution  by  railway  . 

Local  distributioii  by  Trent ) 
and  Mersey  Oanal                  3 

London  and  North- Western  ) 
carried      .        .        .        .     ) 

Gbreat  Northern  carried    . 

Used  at  Iron  Works,  &c.     .     . 

Colliery  consumption 

Potteries,  Brick  Works,  &c. 

Domestic  and  local  consumption 

Total                 .    . 

Tons. 
632,283 
558,086 
266,869 

89,077 

9,898 

1,250,000 

50,000 

950,000 

650,000 

Tons. 
891,974 
473,765 
250,920 

73,602 

21,168 
700,000 
125,596 
650,000 
838,510 

Tons. 

863,704 
387,791 
288,321 

77,595 

13,547 
780,000 
130,000 
670,000 
863,842 

4,456,213 

4,025,535 

4,074,800 

Of  the  coal  raised  in  1880  in  North  Staffordshire,  nearly 
2,600,000  tons  were  consumed  in  the  county,  the  remainder 
being  distributed  by  railway.  Towards  the  close  of  1879  a 
demand  for  coal  arose  in  the  district :  this  was  met  by  increased 
output  and  better  prices,  but  the  demand  did  not  continue  beyond 
March,  1880,  when  many  of  the  collieries  for  a  time  limited  their 
work  to  three  and  four  days  per  week. 

Prices  of  Coal  and  Cost  of  Production. — The  cost  of  work- 
ing varies  so  much  in  this  as  in  other  districts,  according  to 
circumstances,  that  considerable  difiSculty  is  met  with  in  arriving 
at  exact  information.  In  the  following  well-authenticated  data 
appear  some  general  facts  bearing  on  the  point. 

In  the  year  1880  the  average  cost  per  ton  of  getting  coal  and 
slack  at  the  Apedale  Mines  was  respectively  28.  Id.  and  1^.  The 
royalty  gave  an  average  on  coals  of  Is.  O^d.,  and  on  slack  4^c2. 
The  profit  on  coals  amounted  to  ll^d.  per  ton,  and  on  slack  l)^d. 
per  ton.  Adding  to  the  above  the  average  cost  of  dead  work, 
28.  S^d.  per  ton,  the  average  cost  per  ton  of  coals  in  the  Apedale 
Mines  amoimted  to  6«.  lOd.,  and  of  slack  8«.  9^d.  The  above 
prices  give  the  average  of  seventeen  seams  of  coal  in  the  mines 
above  named. 

In  the  subjoined  table  appears  the  thickness  of  the  several 
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seams,  the  produce  of  coal  and  slack  per  acre,  and  the  profit  per 
acre.* 


CoalSeami. 


Thickness. 


PRODUCE  P£B  ACBE. 


Coal. 


Slack. 


Profit  per  Acre. 


PeaoockCoal 

Spinoroft  . 

Great  Roe 

KenBol 

Little  Roe 

Rns^  Mine 

Chalcy  Mine. 

Single  Four-foot 

Single  Five-foot    . 

Ragman 

One  Yard  to  Seven-foot 

TTauifl 

Ten-foot 

Top  Two  Roe    . 

Bowlinff  Alley 

Seven-foot  Nabbs 

£Hght-foot  Nabbs  . 

(hey  Coal 


Yds.    Ft    In. 

12  0 

12  0 

2    0  0 

2    0  0 

2  10 

3  0  0 
10  0 
1  2  0 
12  0 

1  0  6 

2  2  6 
12  0 

3  0  0 

0  2  0 
12  0 
12  6 

1  1  6 
3    0  0 


Tons. 

Tons. 

4,840 

806 

4,840 

806 

5,808 

968 

5,808 

968 

6,637 

1,106 

8,712 

1,452 

2,904 

484 

4,840 

806 

4,840 

806 

2,904 

484 

8,228 

1,371 

4,840 

806 

8,712 

1,452 

1,936 

322 

4,840 

806 

5,280 

880 

4,356 

726 

8,712 

1,452 

8 
3 
6 
4 


£       ff. 

100  16 
100  16 
169  8 
169 
304 
399 

24 

80  13 
221  0 
105  1 
754  14 
100  16 
980  2 


726  0 
598  19 


The  prices  of  the  above  coals  and  slack  delivered  into  boats  or 
waggons  varied,  coals  from  Gs.  6d.  to  12^.,  and  slack  from  8^.  6d. 
to  6s.  per  ton. 

In  the  year  1860  the  cost  of  getting  coal  and  bringing  it  to 
bank  varied,  according  to  the  depth  of  seam  worked,  from  28.  6d. 
to  4s.  6d.  per  ton.  The  selling  price  at  pit's  bank  being :  common 
coal,  6s.  2d.  per  ton ;  and  best  household  coal,  ds.  2d.  per  ton. 
The  prices  in  the  year  1870  show  a  slight  advance,  increased  in 
1878  by  the  operation  of  the  Coal  Mines  Regulation  Act. 
During  the  three  years  ending  1880  the  average  prices  of  coal 
and  slack  in  North  Staffordshire  were  as  follows,  to  which  are 
added  the  highest  and  lowest  prices  per  ton : — 


Prices. 

COAL. 

SLACK. 

1880. 

1879.       1       1878. 

1880.              1879. 

1878. 

Average  price    . 
Highest     „      . 
Lowest      „ 

8.      d, 

8    4 

12     6 

6    6 

ff.      (/. 

7    8 

11    8 

6    0 

ff.      d. 

9    3 

12     6 

8    4 

8,      d. 

3    9 
5    6 
2    6 

ff.      d. 

3     6 
5    0 
2     6 

ff.      d. 

4  6 

5  0 
3    0 

♦  Smith's  "  Minci'fl  Guide."  1836,  pp.  103, 106. 
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Population  employed  in  Coal  and  Ironstone  Mining.— Not 
until  the  year  1874  have  we  precise  information  on  this  subject ; 
in  previous  years  the  numbers  employed  were  grouped  in  the 
inspection  district,  including  North  Staffordshire,  Cheshire,  and 
Shropshire,  which,  according  to  the  census  of  1861,  numbered 
16,427  male  coal-miners.  Later,  in  the  year  1867  and  subsequent 
years  until  the  passing  of  the  Coal  Mines  Regulation  Act,  1872, 
the  number  of  male  persons  employed  as  computed  by  the 
inspector  of  the  district  was  as  follows,  to  which  are  added  the 
quantity  of  coal  raised,  and  the  average  number  of  tons  per 


man:*- 


Year. 

Number  of 
Persons  employed. 

Tons  of  Coal  raised. 

Tons  raised 
per  Man. 

1867 
1868 
1869 
1870 
1871 
1872 

Nob. 
21,000 
21,000 
21,000 
21,200 
21,000 
27,753 

Tons. 
6,000,000 
6,000,000 
6,200,000 
6,600,000 
6,500,000 
6,327,188 

Tons. 
285 
285 
295 
309 
307 
228 

Mr.  Thoriias  Wynne,  H.M.  inspector  of  this  district,  states,  in 
his  evidence  before  the  select  committee  on  coal  already  referred 
to,  that  the  number  of  persons  employed  in  the  last-named  year 
was  arrived  at  under  entirely  different  circumstances  to  those 
obtained  in  previous  years.  He  says,  **  Previous  to  the  year 
1872  we  had  no  power  to  call  for  returns,  and  in  1872  we  had 
the  power,  and  we  called  for  them;  and  the  return  has  been 
made  even  up  to  so  close  as  the  men  who  repair  railway  waggons, 
the  carpenters  and  blacksmiths,  and  the  loaders  of  the  boats,  and 
every  person  employed  in  and  about  the  colliery,"  t  above  groimd 
and  imderground. 

In  the  year  1873  and  subsequent  years  those  employed  above 
and  below  ground  are  separately  given,  amounting  in  1873  to 
23,177  imder  groimd  and  7,444  above  ground,  or  a  total  of  30,621 
persons,  of  whom  10,000  were  engaged  in  ironstone  mining,  pro- 
ducing, according  to  the  returns  of  H.M.  inspectors,  6,257,468 
tons  of  coal,  and  3,000,000  tons  of  ironstone,  in  the  district  of 
North  Staffordshire,  Cheshire,  and  Shropshire. 

*  Select  Ck>inmittee  on  Goal,  1873,  p.  329,  North  Staffordshire,  Shropshire,  and 
Cheshire  district, 
t  Report,  Select  Committee  on  Coal,  1873,  p.  211. 
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Since  1874  the  details  appear  separately  for  North  Stafford- 
shire,* and  are  as  follows : — 


PKRBOMa  1 

EMPXX>T£Di 

Tear. 

Total 
employed. 

Coal  raised. 

Raised 
per  Man. 

Under  Ground. 

Above  Oround. 

N08. 

Noa. 

Nos. 

Tons. 

Tons. 

1874 

15,606 

5,150 

20,756 

4,486,483 

216 

1875 

14,908 

4,687 

19,595 

4,202,149 

215 

1876 

13,958 

4,603 

18,561 

3,905,066 

210 

1877 

14,005 

3,951 

17,956 

4,191,320 

233 

1878 

13,063 

3,845 

16,908 

4,140,200 

245 

1879 

12,660 

3,346 

16,006 

4,017,045 

251 

1880 

12,307 

3,273 

15,580 

4,074.800 

261 

The  ages  of  the  16,006  persons  employed  in  the  year  1879 
are  thus  distinguished  by  Mr.  Thomas  Wynne,  the  inspector 
of  the  district : — 


Male  persons. 

Under  Ground. 

1 

Above  Ground.             Total.          1 

1 

Agfis. 

From  12  to  13 

„     10  to  13  . 

„     13  to  16 
Above  16  .                .     . 

Total  all  ages 

Nos. 

96 
•  •  * 
946 
11,618 

Nos. 

•  ■  ■ 

4 

206 

3,136 

Nos. 

96 

4 

1,152 

14,754 

12,660 

3,346 

16,006 

Bemraroas    and    probable    Duration   of  the    Ck>al-field.— Sir 

George  Elliot,  Bart.,  to  whom,  as  a  member  of  the  Royal  Com- 
mission, was  intrusted  the  investigation  into  the  quantity  of  coal 
available  in  North  Staffordshire,  reports  as  follows  :  f — "  The 
coal-field  consists  of  one  large,  and  several  small  outlying  dis- 
tricts, all  of  which  are  separately  considered.  The  chief  physical 
characteristics  bearing  on  the  inquiry  are,  the  steep  inclination 
of  the  seams  in  some  parts ;  the  great  thickness  of  coal  (150  feet 
divided  into  numerous  seams)  the  anticlinal  axis  running  through 
the  district,  and  the  great  fault  which  throws  the  strata  down 
about  1,200  feet." 

The  principal  district  has  an  area  of  80,876  acres,  and  is 
bounded  on  the  west  and  south  by  the  new  red  sandstone  and 
permian  rocks,  and  on  the  east  by  the  red  sandstone  and  mill- 


*  Reports,  H.  M.  Inspectors  of  Mines. 

t  Beport,  Coal  Commission,  vol.  i.,  pp.  26,  27. 
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stone  grit.  The  area  is  much  disturbed  by  faults,  the  dip  of  the 
seams  varying  greatly  in  different  parts.  It  is  further  remarked 
that  the  above  named  area  of  80,876  acres  was  arranged  in  four 
divisions  for  purposes  of  investigation,  the  aggregate  of  which 
appears  in  the  foUowing  statement,  in  which  also  is  given  the 
estimated  quantity  of  coal  in  each  of  the  outlying  districts,  avail- 
able after  deducting  portions  likely  to  be  sacrificed  by  faults, 
barriers,  and  loss  in  working,  at  various  depths : — 


District. 

Surface 
Area. 

Not  exceeding 

1,500  ft. 

in  Depth. 

Between  1,500  ft. 

and  8,000  ft. 

in  Depth. 

Between  8,000  ft, 

and  6,000  ft. 

in  Depth. 

1 
1 

Total  at  ai: 
Depths. 

1,  2,  3,  and  4 
Verges  . 
Cheadle    .    . 
Wetley. 
Goldsitch .    . 

Acres. 
30,876 
10,400 
11,616 
1,200 
90 

Tons. 

1,326,980,007 

364,330,240 

104,624,603 

3,062,400 

117,460 

Tons. 
1,012,361,046 
672,824,816 

•  • 

•  • 

•  • 

Tons. 
664,928,888 
791,933,744 

•  • 

•  • 

•  • 

Tons. 

2,903,269,941 

1,816,299,199* 

104,624,603 

3,062,400 

117,460 

Total 

61,182 

1,788,014,700 

1,686,186,861  |  1,366,862,632  i  4,826,273,693 

In  the  report  of  the  Commission  f  the  total  quantities  of 
coal  available  at  all  depths  are  thus  rendered;  coal  to  depths 
not  exceeding  4,000  feet,  8,825,488,105  tons,  and  below 
1,000,785,488  tons,  making  the  aggregate  of  4,826,278,593  tons. 

Taking  the  production  of  the  year  1870,  as  given  (8,878,662 
tons),  since  which  the  production  has  yearly  increased,  there 
remain  supplies  for  the  next  1,246  years  from  that  date.  Deduct- 
ing the  produce  of  coal  during  the  ten  years  ending  1879, 
amounting  to  41,110,864  tons,  there  remained  at  that  date 
4,785,168,229  tons  to  a  depth  of  9,000  feet.  This  quantity, 
taking  the  average  production  ofthe  ten  years  (4,111,086  tons),  it 
is  estimated,  will  furnish  supplies  to  our  numerous  industries  for 
a  period  of  1,164  years  compared  with  1,246  years  from  the  year 
1870.  While  according  to  the  output  in  the  year  1880,  amount- 
ing to  4,074,800  tons,  ample  supplies  would  be  stored  for  1,174 
years  hence. 

♦  This  quantity  includes  96,210,400  tons  of  coal  in  the  district  of  the  Verges,  at 
depths  between  6,000  and  9,000  feet, 
t  Beport,  Coal  Commission,  vol.  i.,  p.  iz. 


CHAPTEK    XII. 

BOUTH    STAFFORDSHIRE    AND    WORCESTERSHIRE    COAL-FIELD. 

Description  of  Coal-field—The  South  Staffordshire  Mines  Drainage  Association,  its 
Objects— Analyses,  Production  of  Coal-field,  and  of  the  Area  under  the  Mines 
Drainage  Act — Yield  of  Coal  Seams  per  Acre — Distribution  of  Coal — Prices 
and  Cost  of  Production — Population  employed  above  and  below  Ground— 
Ayerage  Output  per  Man— Resources  and  probable  Duration  of  Coal-field. 

The  South  Staffordshixe  and  Worcestershire  Coal-field.  — 

This  coal-field  is  one  of  the  most  important  in  central  England, 
and  differs  from  all  others  in  the  character  of  the  underlying  rock, 
which  is  Upper  Silurian  (Wenlock  limestone  and  shale),  the 
millstone  grit,  or  carboniferous  limestone,  on  which  the  coal 
usuaUy  rests  in  other  coal-fields,  being  absent  here.  In  other 
words,  the  old  land  surface,  on  wliich  the  flora  of  the  coal 
measures  grew,  was  an  eroded  sm'face  of  Upper  Silurian  rocks. 

It  has  been  clearly  shown  by  the  late  Professor  J.  B.  Jukes, 
in  his  *^  Memoir  on  the  South  Staffordshire  Coal-field,"  that, 
whilst  the  same  accumulations  were  going  on  in  other  parts  of 
England,  a  broad  tract  of  land,  extending  over  Shropshire, 
Staffordshire,  and  Warwickshire,  was  dry  land.  Consequently 
the  usually  associated  condition  of  other  coal-fields  is  here 
wanting;  both  the  grits  and  limestones  of  the  carboniferous 
series  being  absent,  the  well-marked  isolated  Silurian  masses  of 
Dudley,  Sedgley, '  and  Walsall,  rising  from  beneatli  the  coal 
measures,  and  on  which  they  rest. 

The  coal-field  extends  from  Eugeley  in  the  north,  to  the  Clent 
Hills  in  the  south,  a  distance  of  twenty  miles,  embracing  the 
important  districts  of  Cannock  Chase,  Wolverhampton,  Bilston, 
Dudley,  Comgreaves,  &c.,  and  has  an  average  width  of  from 
seven  to  eight  miles,  and  is  bordered  by  the  Bunter  Sandstone 
and  Permian  Rock,  the  former  having  a  thickness  of  1,200  feet, 
the  latter  exceeding  2,000  feet.  The  coal  measures  beneath  are 
divided  into  upper  and  middle ;  the  upper  division  consisting  of 
red  and  mottled  clays,  red  and  grey  sandstones,  and  gravel  beds, 
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and  having  a  total  thickness  of  800  feet,  but  barren  of  coal 
HtaniH.  The  middle  measures,  however,  contain  a  thickness  of 
upwards  of  500  feet,  in  which  occur  six  important  seams  of  coal, 
interHtratified  with  numerous  courses  of  ironstone.  The  general 
thickncHS  of  these  measures  is  given  as  foUows  by  Professor 
Jukes,  the  thickness  of  the  seams  and  strata  being  the  average 
of  many  sections  in  the  southern  district  of  the  coal-field : — 

UPPBR  COAL  MBAtURlf.  Ft. 

liod  and  niottlod  clayB,  red  and  gray  sandstones  and  gravel  bed    800 

MfmiLK  <y)AL  MKA8Uai0  (1300  ft.) 

1.  JJroifch  (*iMil 4 

Htrata  with  ironstone 130 

2.  Thick  Cofil 30 

Htrata  with  Oubbin  ironstone 20 

U,  Jleathen  Coal 4 

Htrata  with  ironstone '.        .  109 

4.  New  Mine  Coal 8 

Htrat-a  with  ironstone 16 

6.  Fire-clay  Coal 7 

Htrata 30 

0.  liotimii  Coal 12 

Htrata  with  several  ooursos  of  ironstone                 .        .  140 

The  above  six  seams  give  a  total  thickness  of  65  feet  of  work- 
able coal,  the  most  important  of  which  is  the  ^'  Thick  Coal,"  ten 
yards  thick,  a  source  of  great  wealth  to  the  district  of  Dudley. 
This  celebrated  seam  is  in  the  northern  part  of  the  coal  basin, 
near  KHHiiigton  and  Pclsall,  represented  by  nine  distinct  seams, 
divided  and  separated  by  420  feet  of  sandstone  and  shales.  Each 
of  tliese  Heams  has  its  own  under-clays,  roof,  and  fossil  contents. 
Ouo  iuteresting  feature  in  this  coal-field  is  the  basaltic  mass  of 
Uowloy  llogia,  fonning  a  hill  two  miles  in  length  and  820  feet  in 
height.  Professor  Jukes  *  considers  that  thisj  rock  has  been 
poured  out  in  the  form  of  a  lava  flow  during  the  coal  period,  for 
tlie  beds  of  coal  dip  under  the  basalt,  and  have  been  followed  and 
found  •*  blackened  **  or  changed,  and  utterly  worthless.! 

The  flooded  condition  of  the  colUeries  in  and  around  Bilston 
renders  tlie  enormous  quantity  of  150,000,000  tons  of  coal  un- 
workable. To  provide  a  remedy,  and  to  make  this  great  mass  of 
coal,  luid  tlio  ironstone  measures  associated  with  it,  more  easily 
available,  tlio  **  South  Staffordshire  Mines  Drainage  Act,  1878," 

^  For  dotaiUHl  infomiatiou  of  the  '^  South  Staffordshiie  Coal  Field,"  see  "  Memoin 
of  Uvo  CltvUHJ?^^'*^  Siirvoj/*  by  J.  Becte  Jxikes,  F.B,S.  Second  edition,  published 
19&9, 

t  This  oi4d  hns  of  Ute  years  been  used  in  serenJ  manufactures,  also  on  lail^waja. 
It  is  not  ehiuTcil,  but  conterted  into  a  black  pulverulent 
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was  passed,  the  works  of  which  are  now  in  active  operation. 
This  flooding  or  ponding  up  of  water  in  the  mines  has  been 
occasioned  by  a  great  part  of  the  drainage  area  having  subsided, 
causing  hoUows,  which,  often  occurring  in  the  water  courses,  find 
their  way  into  the  mines  below,  and  become  a  fruitful  source  of 
danger  to  life  and  property. 

The  geological  or  under-ground  configuration  of  the  drainage 
area  may  be  described  as  a  series  of  basins,  separated  by  faults, 
and  in  each  basin  the  strata  incline  more  or  less  to  the  centre  of 
the  basin,  at  which  they  come  at  their  lowest  point.  The  result 
is  that  all  mines  in  any  one  of  these  basins  are  dependent  upon 
each  other,  and  (except  so  far  as  surface  percolation  is  concerned) 
independent  of  other  basins.  Consequentiy  the  mines  on  the  top 
edge  of  a  basin  are  littie  troubled  with  water,  their  water  naturally 
draining  into  the  mines  of  their  less  fortunate  neighbours  lower 
down. 

In  carrying  the  Act  into  operation,  the  Commissioners  had 
three  important  things  to  consider.  First,  to  subdivide  the 
drainage  area  into  districts,  following  the  natural  configuration 
of  the  strata,  so  that  each  district  might  consist  of  a  subter- 
ranean basin,  and,  so  far  as  its  underground  drainage  was 
concerned,  be  entirely  unafiected  by,  and  unable  itself  to  affect, 
any  other  district.  In  the  second  place,  it  was  necessary  to 
introduce  an  efiicient  system  of  surface  drainage  to  prevent  water 
percolating  from  surface  water-courses  and  drains  into  the  mines ; 
and  thirdly,  an  efficient  system  of  underground  or  mine  drainage, 
by  removing  the  water  which  is  actuaUy  in  the  strata  itself.  The 
mines  in  the  area  are  classified  imder  the  following  heads  : — 

(1.)  Mines  at  the  top  edge  of  an  underground  basin  (**  called 
mines  in  the  cross"),  which  are  necessarily  free  from 
water; 

(2.)  Mines  obstructed  and  requiring  perpetual  pumping ; 

(8.)  Flooded  mines ;  and 

(4.)  Exhausted  mines. 

The  necessary  funds  for  carrying  out  the  Act  are  provided  by 
two  distinct  rates — the  one  called  the  '^  General  Drainage  Bate," 
applicable  for  the  purposes  of  surface  drainage ;  the  other,  the 
'*  Mines  Drainage  Bate,"  applicable  for  the  purposes  of  under- 
ground drainage. 

The  engineering  works  of  this  comprehensive  scheme  have 
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been  carried  out  under  the  able  superintendence  of  commissioners, 
assisted  by  Mr.  E.  B.  Marten,  C.E.,  of  Stourbridge ;  and  an  in- 
structive model  on  a  large  scale  of  the  area  of  the  country  included 
in  the  Act,  constructed  by  Mr.  James  B.  Jordan,  and  deposited 
in  the  offices  of  the  commissioners  at  Wolverhampton,  illustrates 
the  configuration  of  the  country  and  the  details  of  the  scheme. 

Analyses  of  the  Coal.— The  Ten  Yard,  or  "  Thick  Coal," 
from  the  Whyley  Colliery,  and  the  "Heatihen  Coal,"  two  im- 
portant seams  in  the  South  Staffordshire  and  Worcestershire 
coal-field,  are  thus  referred  to  by  Dr.  Percy:*  "Non-caking 
coals,  rich  in  oxygen ;  the  Ten  Yard  or  Thick  Coal,  from  the 
Whyley  Colliery,  in  the  vicinity  of  West  Bromwich,  this 
seam  consists  of  ten  or  more  beds,  to  which  special  names  are 
applied,  viz.,  *  Rooves,'  *  Top  Slipper,'  *  White  Coal,'  and 
'  Brazils ; '  the  last-named  contains  much  earthy  matter,  and  is  in 
request  for  certain  reverberatory  smelting  furnaces  in  Birming- 
ham."    The  powder  of  each  of  tiiese  coals  is  brownish-black. 

The  Heathen  Coal,  from  the  Grace  Mary  Colliery,  Rowley 
Regis. — "  This  seam  is  between  5  and  6  feet  thick,  lies  at  the 
depth  of  a  few  yards  below  the  Ten  Yard  Coal,  and  is  overlaid 
by  the  Gubbin  ironstone.  The  coal  is  bright  black,  non-caking, 
and  yields  a  buff-coloured  ash." 

The  composition  of  these  coals  appears  in  the  annexed  table  : — 


Composition  exclusive  of 
Water. 

TEK  YARD  OR  THICK  OQAJL. 

Heathen 
CoaL 

Rooves. 

Top 

Slipper. 

White 
Goal 

Brazils. 

Carbon  .... 

Hydrogen.                .     . 

Oxj'ffen. 

Sulphur 

Afih        .... 

Water 

Total    . 

76-12 
4-83 

16-72 
1-00 
2-33 
... 

77-01 
4-71 

16-72 
0-74 
1-56 
... 

76-40 
4-62 

17-43 
0-55 
1-55 

•  •  • 

72-13 
4-32 

17-11 
0-54 
6-44 

•  •  • 

70-41 
4-69 

12-47 
0-71 
2-20 
9-52 

101-00 

100-74 

100-55 

100-55 

100-00 

CompoBition  excluBive  of 
Sulpnnr,  ABh,  and  Water. 

1 

Carbon  .... 
Hydrogen.                .     . 
Oxygen  and  Nitrogen    . 

Total    . 

78-46 

4-96 

16-68 

78-53 

4-80 

16-67 

77-68 

4-69 

17-63 

77-33 

4-67 

18-00 

80-41 

5-35 

14-24 

100-00      100-00 

10000      100-00 

100-00 

♦  Percy's  "  MetaUurgy,"  Fuel,  p.  325. 
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Other"  seams,  worked  at  Grace  Mary  Colliery,  Rowley  Begis, 
are  thus  described :  *  Sawyer  Coal. — "  This  coal  forms  one  of 
the  constituent  seams  of  the  Ten  Yard  or  Thick  Coal ;  the  sample 
analysis  came  from  the  neighbourhood  of  an  igneous  dyke.  Coke, 
slightly  coherent,  moderately  lustrous ;  flame,  yellow,  smoky ; 
colour  of  the  ash,  buff."  Brazils  Coal. — "  This  also  forms  part 
of  the  Thick  Coal,  and,  like  the  last  sample,  came  from  the 
neighbourhood  of  an  igneous  dyke.  Coke,  slightly  coherent, 
moderately  lustrous.  Flame,  yellow,  smoky.  Colour  of  the  ash, 
buff."  These  analyses  were  made  in  Dr.  Percy's  laboratory,  in 
the  Boyal  School  of  Mines,  by  Mr.  Charles  Law,  and  give  the 
following  results : — 

Results  Tabttlated. 


Constitnents. 

Sawyer  Seam. 

Br&ziLs  Seam. 

Carbon  .... 

Hgdrogen . 

Oxyeen  and  Nitrogen    . 

Sulphur 

Ash        .... 

Water 

1 

68-40 
4-43 

10-28 
1-05 
8-91 
6-93 

67-34 
4-62 

11-68 
0-62 
8-00 
7-74 

1 

I 

1 

100-00 

10000 

The  composition  per  cent.,  exclusive  of  sulphur,  ash,  and  water, 
being : — 


Conititaients. 

Savryer. 

Brazils. 

Carbon  .... 
Hydrogen .                 .     . 
Oxygen  and  Nitrogen    . 

Yield  of  Coke 

82-30 

5-33 

12-37 

80-61 

5-52 

13-97 

10000 

100-00 

64-00 

60-70 

Froduetion  of  Goal — It  appears,  from  Plott's  History  of 
Staffordshire,  that  in  the  year  1785  there  were  twelve  collieries  at 
work  in  the  coal-field,  in  the  districts  of  Wednesbury,  Dudley,  and 
Sedgley,  and  twice  as  many  out  of  work,  some  of  which  afforded 
2,000  tons  yearly,  others  three,  four,  or  five  thousand  tons  per 
annum.  From  which  it  may  be  estimated  that  the  production  of 
coal  at  this  period,  in  these  important  districts,  did  not  exceed 

•  Pcrcy'B  "  MetftUnrgy,"  Fnel,  p.  669. 
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60,000  tons.  In  the  year  1800  a  committee  was  appointed  by 
Parliament  to  inquire  into  the  inland  coal  trade.  From  the 
evidence  bearing  on  Staffordshire,  it  is  stated  by  Mr.  Alexander 
Rabey,  an  iron  merchant,*  that  "the  present  price  of  the 
Staffordshire  (coal)  at  the  pit  is  six  shillings  per  ton,  of  21  cwts., 
and  120  lbs.  to  the  cwt. ;  inferior  coals  are  sold  at  three  shillings 
per  ton ;  the  small  coal  for  engines  are  from  one  shilling  to  one 
shilling  and  sixpence  per  ton."  Mr.  Babey  does  not  give  any 
facts  bearing  on  production  or  distribution,  but  he  gives  the 
foUowing  information,  showing  the  price  of  coals  after  the  cost  of 
conveyance  has  been  added  : — 

"I  compute  the  average  distance  of  those  collieries  (the 
Dudley  collieries),  to  Brentford,  148  miles ;  the  boatage,  |d. 
per  ton  per  mile ;  9$.  3d.  boy  and  horse,  of  back  carriage  in- 
cluded, would  be  about  Jd.  per  ton  per  mile,  is  6Jd.  more,  in  all, 
about  £1  Is,  6d.  per  ton."  A  London  chaldron  of  the  Newcastle 
coals  will  be  about  twenty-seven  cwts. ;  he  adds  one-third  of  the 
weight  and  one-third  of  the  price  on  a  London  chaldron.  There- 
fore, if  Staffordshire  coals  to  Brentford  cost  £1  8«.  7d.  per  chal- 
dron, allowing  2«.  lid.,  they  would  stand,  when  imported  into 
London,  about  88a.  per  ton. 

Eetuming  to  the  coal  production  of  Staffordshire,  we  have  it, 
on  the  authority  of  Samuel  Salt,  for  the  year  1816,  that  it 
amounted  to  795,000  tons.  The  same  gentleman,  in  his  **  Sta- 
tistics and  Calculations,"  gives  the  total  output  of  the  collieries 
of  Great  Britain  for  the  same  year  (1816)  as  27,020,115  tons. 

Since  the  year  1854,  ample  information  has  been  published, 
showing  the  number  of  collieries  working  in  the  South  Stafford- 
sliire  coal-field,  including  that  portion  of  the  coal-field  in  the 
county  of  Worcester,  in  the  neighbourhood  of  Dudley.  The 
number  of  collieries  at  full  work  at  this  period  was  600,  which 
had  at  least  2,000  pits,  and  of  these  a  large  majority  produced 
nearly  100  tons  of  coal  per  week.  The  total  production  of  coal 
in  North  and  South  Staffordshire,  at  this  period  was  7,500,000 
tons,  the  quantities  carried  out  of  the  county  being  comparatively 
small,  the  pig  iron  industries  consuming  8,415,200  tons. 

The  number  of  collieries,  and  the  annual  output  from  1854  to 
1863,  are  as  follows : — 

*  Inland  Coal  Trade,  *'  Report  of  the  Committee,  1800/*  Eyidence  on  Staffordshire. 
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Year. 

CoUidries. 

Production  of  Coal. 

1     Year. 

Collieries. 

Production  of  Coal. 

No 

TonB. 

No. 

Tons. 

1854 

393 

♦7,500,000 

1859 

422 

4,450,000 

1855 

377 

♦7,323,000 

1860 

441 

5,271,800 

1856 

425 

6,010,500 

1861 

452 

4,881,250 

1857 

438 

5,509,625 

1862 

457 

4,985,500 

1858 

424 

4,955,780 

1863 

465 

5,171,820 

Since  the  year  1864  two  sources  of  information  are  at  hand^ 
giving  the  output  of  the  collieries  in  South  Staffordshire  and 
Worcestershire;  the  one  from  the  "Mineral  Statistics  of  the 
United  Kingdom,"  the  other  from  the  "  Annual  Reports  of  Her 
Majesty's  Inspectors  of  Coal  Mines."  The  collieries  of  this 
district,  it  may  be  observed,  are  veiy  numerous ;  many  of  them, 
however,  are  but  small  workings.  It  not  unfrequently  happens 
that  a  pit  is  opened  and,  a  few  tons  of  coal  having  been  obtained, 
it  is  closed  within  a  few  months.  The  following  table  shows  the 
number  of  collieries  in  each  year,  the  variation  in  numbers  being 
due  to  the  cause  above  referred  to,  as  weU  as  pits  being  included 
as  coUieries,  also  the  respective  quantities  of  coal  raised  as  deter- 
mined by  the  Keeper  of  Mining  Records  in  each  year. 


Year. 

Collieriea. 

Mineral  Statistics. 

Year. 

Collieries. 

Mineral  BUtistics. 

No. 

Tons. 

No. 

Tons. 

1863 

465 

5,171,820 

1872 

319 

10,550,000 

1864 

523 

8,263,351 

1873 

407 

9,463,559 

1865 

542 

8,705,239 

1874 

469 

8,389,343 

1866 

512 

8,664,966 

i     1875 

442 

10,251,791 

1867 

572 

8,779,509 

1876 

434 

10,081,067 

1868 

+327 

8,748,950 

1877 

457 

9,841,191 

1869 

326 

8,944,395 

'     1878 

437 

9,130,774 

1870 

326 

9,356,500 

1879 

425 

9,350,000 

1871 

307 

10,031,250 

,     1880 

413 

19,660,000 

Bearing  on  the  question  of  production  in  South  Staffordshire, 
it  may  be  noted  that  the  coal  deposits  of  Cannock  Chase  are  now 
(June,  1881)  in  course  of  rapid  development,  one  company  pro- 
ducing on  an  average  2,000  tons  per  day,  and  even  more ;  and 
should  occasion  require,  the  same  company  is  in  a  position  to 
increase  its  output  to  8,000  tons  daily.  Recently,  at  one  of  the 
pits  of  the  Cannock  and  Rugeley  Company,  1,051  tons  were 
brought  to  bank  from  a  depth  of  360  yards  in  a  period  of  eight  hours. 

The  Keeper  of  Mining  Records,  referring  to  the  returns  for  the 

*  Inclading  the  prodaction  of  North  Staffoidshire. 
t  In  previouB  years  pits  were  included  as  coUieries. 
X  Report  of  H.M.  Inspectors  of  Coal  Mines. 
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year  1864,  remarks  *  :  "It  will  be  necessary  to  make  corrections 
in  former  years,  all  the  returns  being  too  small.  This  has  arisen 
from  my  having  taken  the  *boat  load  '  as  being  20  tons."  The 
best  explanation  of  the  difficulty  will  be  given  in  the  following 
paragraph  from  a  paper  read  at  a  conference  of  mine  owners  and 
agents,  by  Eupert  Kettle,  Esq.,  Vice-President  of  the  Dudley  and 
Midland  Geological  Society  : — 

"  We  have  in  one  colliery  district  three  diflferent  weights, 
each  called  and  commonly  recognized  as  a  ton.  First,  the 
statutable  ton,  that  is,  the  avoirdupois  weight  of  2,240  lbs. 
Next,  we  have  the  long  hundred,  or  long  weight,  as  we  commonly 
understand  it,  that  is,  120  lbs.  to  the  hundred-weight  instead  of 
112  lbs.,  giving  2,400  lbs.  to  the  ton.  And  then,  thirdly,  we 
have  the  *  boat  load  *  of  24  long  hundreds,  or  2,880  lbs.  to  the 
ton :  and,  lastly,  there  is  a  measure  acted  upon,  I  am  sorry  to 
say  for  business  purposes,  called  a  'boat  load.'  I  should  very 
much  like  some  one  to  tell  me  any  rule  by  which  I  can  ascertain 
the  exact  weight,  according  to  the  law  standard,  of  the  whole,  or 
any  aliquot  part  of  a  '  boat  load  *  of  coals.  I  know  a  boat  load  is 
20  tons,  and  the  furthest  to  which  I  can  carry  the  weight  is 
20  tons  ^ lease  weight,*  that  is  57,600  lbs.  or  25  tons,  13  cwts., 
2  qrs.,  and  16  lbs.  weight,  and  yet  I  am  told  that  sometimes  a 
*  boat  load  of  coals '  will  what  is  called  weigh  out  thirty  hundred- 
weight to  the  ton." 

In  considering  the  production  of  coal,  and  the  area  of  this  coal- 
field included  under  the  operation  of  the  *'  South  Staffordshire 
Mines  Drainage  Act,  1873,"  the  importance  of  the  work  will  be 
understood  by  the  returns  of  the  several  districts  of  coal  produced, 
upon  which  rates  were  levied  in  each  year  since  1874.  It  must 
be  remembered,  however,  that  the  largest  part  of  the  coal  obtained 
annually  in  South  Staffordshire  is  worked  outside  the  Mine's 
Drainage  area : — 


Districts. 

1874. 

1876. 

1878. 

1879. 

1880. 

Tipton    . 
Bilston       .     . 
Eingswinford . 
Old  Hill     .     . 
Oldbury . 

TotAl    . 

Tons. 
1,103,396 
640,926 
757,937 
782,193 
641,103 

Tons. 
950,666 
568,687 
835,561 
884,127 
867,728 

Tons. 
584,075 
242,637 
724,530 
699,784 
904,748 

Tons. 
434,798 
175,420 
709,315 
684,522 
946,966 

Tons. 
518,602 
204,531 
696,658 
828,430 
940,813 

3,925,055 

4,106,769 

3,155,774 

2,951,021 

3,189,034 

*  Mineral  Statistics,  1864,  p.  90. 
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The  yield  per  acre  of  the  seams  of  coal  is  a  matter  ol  great 
importance,  varjang  considerably  in  this  district,  more  particularly 
in  the  "  Ten  Yard  Coal,"  the  thickness  of  which,  exclusive  of  its 
partings  of  clay  and  shale,  averages  8  yards,  2  feet,  8  inches.  The 
following  table,  by  Mr.  Thomas  Smith,  gives  practically  the 
average  quantities  of  coals,  lumps,  and  slack  obtained  from  each 
acre  of  coal,  of  the  thickness  indicated : — * 


Coal  Seams. 

Thickness. 

Coals. 

Lumps. 

Slack. 

Brooch  Coal  . 
Flying  Reed      .        .     . 
Thick  Coal     . 
Heathen  Coal    .        .     . 
New  Mine  Top  and  Bot- 
tom Coal     . 
New  Mine  Bottom  Coal. 

Total  thickness 

Ycls.  Ft.  In. 
10     9 
1     1     0 
8    2     3 
1     0    0 

U     2     6 

3    2     6 

Tons. 

1,815 

3,226 

10,400 

2,420 

11,695 

9,275 

Tons. 

363 

645 

1,733 

484 

2,339 
1,855 

Tons. 
1,452 

968 
3,267 

726 

3,508 
2,782 

21     0    0 

38,831 
10,574 

7,419 
2,494 

12,703 
3,025 

Total  quantities,  the  Th 
being  got  with  ribs  and 

Additional  if  the  Thick  Cc 
by  long  work     . 

dck  Coal) 
pillars   .  \ 
>al  be  got  i 

ongwork 

Total  quantities  if  got  by  1 

49,405 

9,913 

15,728 

Distribution  of  CoaL  —  The  London  and  North  Western 
Bailway  carried,  in  the  year  1859,  out  of  South  Staffordshire, 
94,000  tons- of  coal,  the  total  quantities  carried  by  the  same  rail- 
way system  in  the  year  amounting  to  2,721,000  tons.  In  the 
years  1860  and  1861  the  production  is  thus  accounted  for : — 


How  Distributed. 

I860. 

1861. 

Used  at  Iron  Works 
TJaed  in  Collieries  and  Lime  Works 
Local  consumption     *                 .     . 
Sent  out  of  district  • 

Total        .    . 

Tons. 

2,975,000 

156,800 

650,000 

490,000 

Tons. 

2,550,500 
160,750 
650,000 

1,520,000 

4,271,800 

4,881,250 

Ten  years  later  the  following  details  of  distribution  appear  for 
the  years  1870  and  1871  :— 

*  Thomas  Smith's  ''  Miners'  Gnide,  1836,'*  p.  79. 
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How  Distributed. 

1870. 

1871. 

Used  at  Iron  Works 

Ueed  in  other  manufactures        .    . 

Domestic  consumption    . 

Colliery            „          ,  &c.         .    . 

By  Railway  and  Canal    . 

Total        .    . 

Tons. 

3,185,750 
1,350,000 
1,850,000 
1,250,750 
1,720,000 

Tons. 
3,585,750 
1,500,000 
1,875,500 
1,350,000 
1,720,000 

9,356,500 

10,031,250 

The  annexed  table  shows  the  quantities  of  coal  used  at  the 
ironworks,  and  sent  out  of  the  district  by  railway : — 


Tear. 

Iron  Works. 

London  and  NorUi 
Westenu 

Midland. 

Tons. 

Tons. 

Tons. 

1860 

2,975,000 

93,000 

60,104 

1861 

2.550,500 

... 

89,048 

1862 

2,350,500 

211,210 

88,248 

1863 

2,561,320 

314,695 

79,809 

1864 

4,660,945 

389,174 

85,922 

1865 

4,655,940 

314,121 

•  •  • 

1866 

4,588,375 

272,892 

33,376 

1867 

3,979,379 

337,417 

43,263 

1868 

3,293,450 

455.967 

34,667 

1869 

3,170,500 

626,308 

•     41,189 

1870 

3,185,750 

665,720 

42,305 

1871 

3,585,750 

708.597 

47,660 

1872 

♦3,250,000 

809,622 

53,842 

In  the  last-named  year  the  Great  Western  Railway  carried 
494,608  tons  out  of  South  Staflfordshire,  and  408,219  tons  from 
the  Buabon  district  into  the  same  county.  Following  the  dis- 
tribution of  coal,  the  annexed  statement  gives  the  details  for  the 
year  1880  and  the  three  previous  years : — 


How  Distributed. 


I 


Carried  oat  of  County  by  London  ) 

and  North- Western  Railway  j 
Carried  out  of  County  by  Midland  ) 

Hallway  .  .  .  .  j 
Carried  out  of  County  by  the  Great ) 

Western  .  .  ,  ,  } 
Carried  by  Birmiogham  Canal  for 

Birmingham 
Carried  by  Biimingham  Canal  for 

Works  in  Mining  Districts  . 
Carried  out  of  County  by  ditto  Cm 
Domestic  Consumption,  in  addition  ) 

to  Birmingham  .  .  .  j 
Colliery  Consumption,  &c. .  .  . 
Used  in  Manufactures,  extra  . 

Total  Droduce  o^  ^^^^  ^^'  \ 
fordshizie  and  Worcestershire  j 


1877. 

Tons. 

1,138,293 

1878. 

Tons. 

1,086,370 

1870. 

Tons. 

1,499,337 

1880. 

TonM. 

1,511,099 

163,903 

169,392 

209,561 

189,247 

344,702 

325,364 

311,178 

306,141 

916,288 

859,122 

828,942 

770,245 

3,144,460 

3,030,570 

2,968,800 

3,401,613 

207,995 

208,828 

227,782 

214,390 

1,775,550 

1,801,128 

1,500,180 

1,440,265* 

1,255,000 
895,000 

1,000,000 
650,000 

9,130,774 

950,110 
854.110 

9,350,000 

965,000* 
_862,000« 

9,660,000 

9,841,191 

Estimated  quantities. 
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Before  considering  the  distribution  of  coal  by  canal,  it  will  be 
desirable  to  trace  generally  the  distribution  by  railway  since  the 
last  returns  for  the  year  1872.  It  will  be  useful  at  the  same  time 
to  record  the  quantities  of  coal  brought  into  South  Staffordshire 
by  the  Great  Western  Bailway  from  the  Kuabon  district : — 


Year. 

liOndon  and 
Nurtli  Western. 

Midland. 

URKAT  WESTERN. 

Out  Of 
South  Stafford. 

From  Buabon. 

1873 
1874 
1875 
1876 
1877 
1878 
;    1879 
1880 

Ton8. 
971,525 
632,630 
1,161,425 
1,203,401 
1,138.293 
1,086,370 
1,499,337 
1,511,099 

TonB. 
106,484 
60,590 
140,593 
181,511 
163,903 
169,892 
209,561 
189,247 

Tons. 

487,635 
303,187 
398,842 
369,102 
344,702 
325,364 
311,178 
1,511,099 

Tons. 

397,069 
347,527 
369,084 
352,777 
294,316 
263,268 
250,953 
285,850 

The  other  items  of  distribution  in  each  of  the  same  years , 
attracting  attentioUi  are  the  quantities  conveyed  by  the  Birming- 
ham Canal  to  the  various  works  in  the  mining  districts  in  South 
Staffordshire,  and  for  domestic  consumption. 


Year. 

To  Binuingluun. 

To  Hining 
DiMtricts. 

Doniestio 
Consumption. 

Collieries 
Consumption. 

Tons. 

Tons. 

Tons. 

Tons. 

1873 

812,668 

3,500,223 

1,750,000 

1,300,000 

1874 

776.881 

3,114,305 

1,750,000 

1,625,000 

1875 

939,779 

3,377,355 

1,675,500 

1,279,000 

1876 

936,724 

3,114,821 

1,650,000 

1,250,000 

1877 

916,288 

3,144,460 

1,675,550 

1,255,000 

1878 

859,122 

3,030,570 

1,801,128 

1,000,000 

1879 

828,942 

2,968,800 

1,500,180 

950.110 

1880 

770,245 

3,401,613 

1,440,265 

965,000 

The  distribution  of  coal  is  greatly  facilitated  in  South  Stafford- 
shire by  the  system  of  water  communication  traversing  the  county 
in  all  directions ;  and  the  Birmingham  Canal  Navigation,  which 
has  direct  communication  with  the  adjoining  counties  of  Worcester 
and  Warwick.  The  annexed  table  will  show  the  quantities  of 
coal  sent  by  the  several  canals  carrying  from  South  Staffordshire 
in  each  of  the  years  named : — 

u  2 
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Year. 

WortMNster 
Caual. 

Warwick 
Canal. 

Coventry 
Canal. 

StafToTdslnre 
and  Worcester- 
shire Canal. 

'Wniittington 
t<j  Faauey. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1866 

135,585 

77,205 

518 

13,776 

1,039 

1867 

148,000 

94,165 

2,149 

19,661 

3,044 

1868 

148,186 

98,248 

1,778 

28,317 

4,772 

1869 

148,474 

104,021 

1,210 

41,724 

2,946 

1870 

140,453 

103,286 

773 

48,502 

2,812 

1871 

127,859 

110,243 

322 

52,845 

2,395 

1872 

118,779 

91,374 

340 

59,132 

1,160 

1873 

118,672 

90,087 

452 

64,650 

847 

1874 

102,130 

67,785 

405 

55,951 

479 

1875 

117,552 

25,626 

213 

83,660 

902 

1876 

116,061 

9,534 

405 

^\pm      m  m  m 

9/,aoo 

1,972 

1877 

112,051 

7,685 

572 

85,301 

2,385 

1878 

110,176 

6,834 

2,373 

83,755 

5,689 

1879 

116,058 

23,459 

206 

83,946 

4,112 

1880 

109,909 

15,269 

612 

87,186 

1,415 

Sui^plementing  the  above  quantities  with  the  tonnages  of  coal 
sent  to  Birmingham^  and  carried  for  the  supply  of  works  in  the 
mining  districts,  by  the  Birmingham  Canal  Navigation,  the 
following  totals  show  the  aggregate  distribution  of  coal  by  canal 
in  each  of  the  years  named : — 


BlKMINGIIAM  CaXAL  NAVIGATIOX. 


Year. 

Coal  earned. 

Year. 

1 
Coal  carried. 

1 

Tons. 

Tons. 

i     1866 

3,601,621 

1873 

4,587,600 

!     1867 

3,841,062 

1874 

4,117,937 

1868 

3,786,369 

1875 

4,545,089 

1869 

4,302,103 

1876 

4,277,054 

1870 

4,312,582 

1877 

4,268,744 

1871 

4,415,697 

1878 

4,098,521 

1872 

4,495,333 

1879 

1 

4,025,525        i 

The  quantity  carried  in  1880  amounted  to  4,386,248  tons. 

Prices  of  Coal  and  Cost  of  Production. — In  1836  Mr.  Thos. 
Smith,  in  his  *'  Miners'  Guide,*'  gives  the  following  quotations 
per  ton  of  coals  of  diflferent  descriptions  delivered  into  boats  or 
waggons  at  the  pits,  the  coals  quoted  being  raised  at  the  Deep- 
field  Mine : — 

Deepfield  Mine. 

Brooch  Coal,  large 8    0 

,,  lumps 5    0 

„  Takings 3    9 


CHAP.  XII.]     SOUTH  STAFFORDSHIRE  AND  WORCESTERSHIRE.     165 

Deeffield  Mine  (continued.) 

s.    d. 

Brooch  Coal,  slack 2    6 

,,  coke,  per  sack 14 

Thick  Coal,  heat 9    0 

„  second 8    0 

„  inferior        ........    7    0 

„         ftimace  coal 6    6 

„  lumps 5    0 

,f  slack,  good 2    9 

„  „      small 2    6 

New  Mine  Top  and  Firc'day  CoaU,  best 7    0 

,,  „  „.  furnace  coal  .        .        .60 

,,  ,,  ,,  lumps  .        ..50 

„  ,,  ,,  rakings  •        .        •        .36 

,,  ,,  ,,  slack,  food       .        ..29 

„  ,,  „  „      mferior        .        .26 

New  Mine,  bottom  coal,  best 6    0 

„  lumps 4    6 

„  slack 2    6 

The  above  are  the  actual  charges  at  the  time,  but  the  prices  of  all 
the  varieties  of  coal  vary  considera\>ly9  according  to  their  qualit}-, 
which  is  by  no  means  the  same  in  all  parts  of  the  same  district  or 
collieries.* 

The  average  cost  per  ton  of  getting  coals^  lumps,  and  slack 
from  the  various  coal  seams  was  as  follows  at  the  period  above 
I'eferred  to : — 


Coal  Seam. 

Coal. 

Luiiiiw. 

Slack. 

«.     d. 

8.     d. 

9.     d. 

Drooch  .... 

4     3 

1     2 

1     0 

Flying  Reed      .        .     . 

2     6i 

1     2 

1     0 

Thick  Goal     . 

2    4 

1     2 

1     0 

Heathen  Coal    •        .     . 

2     7 

1     2 

1     0 

New  Mine  Top  and  Fire 
Clay  Coal  . 

}  1  m 

1     2 

1     0 

New  Mine  Bottom  Coal . 

Total    . 

1  10} 

1     2 

1     0 

15     o\ 

7    0 

6    0 

The  average  price  per  ton  of  these  six  seams  of  coal  being, 
coals,  28,  7d. ;  lumps,  Is.  2d,f  and  slack,  Is. 

When  in  1878  a  great  demand  for  coal  arose,  due  to  the 
(i^eneral  activity  of  trade,  prices  increased  considerably,  varying 
from  ISs.  to  Ids.  per  ton ;  prices  in  the  previous  year  ranging 
from  Us.  3d.  to  15a.  per  ton.     Mr.  Fisher  Smith,  in  his  evidence 
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before  the  Select  Committee  on  Coals,*  states  that  upwards  of 
1,000,000  tons  of  coal  are  raised  in  the  year  from  the  collieries 
belonging  to  the  Earl  of  Dudley,  nearly  one-half  of  which  is  used 
in  iron  manufacture,  and  in  the  production  of  which  from  8,000 
to  10,000  men  are  employed.  It  further  appears  that  hewers' 
wages  in  1878  were  5«;  6d.  per  day  for  less  hours*  work  than  in 
the  year  1869,  when  wages  varied  from  4«.  to  4«.  6d.  per  day. 
To  illustrate  this  more  clearly  one  pit  is  taken  as  a  fair  average, 
in  which  the  hewers  made  in  the  week  7*3  days,  for  which  they 
received  29«.  3r/.  In  1872  they  did  7*2  days,  earning  £1  15s.  7d. 
per  week,  and  in  1878,  in  7*3  days,  earning  £2  Os,  5d,  per  week, 
the  above  rates  being  an  average  of  10  men  for  each  period,  some 
of  the  highest  and  some  of  the  lowest.  In  1869  they  worked 
11  hours  per  day,  diminished  to  8  hours  in  1872  and  1878. 

Immediately  preceding  the  passing  of  the  ^'Coal  Mines 
Regulation  Act,  1872,"  the  prices  of  thick  coal,  at  the  respective 
collieries  of  the  Earl  of  Dudley,  were  as  follows : — 

Coal l'5«.  perton. 

Lumps 12s. 

Slack  (engine) 60. 


if 


The  effect  of  the  Act  in  the  district  has  been  to  increase  the  cost 
of  coal  something  like  Is.  per  ton. 

The  wages  of  colliers  in  South  Staffordshire  have  not  under- 
gone such  great  fluctuations  during  the  past  ten  years  as  in  most 
other  coal-fields.  Between  1870  and  1873  they  rose  from  40  to 
45  per  cent. ;  but  a  good  deal  of  it  was  in  the  form  of  the  re- 
duction of  the  hours  of  work.  In  South  Staffordshire  the  hours 
of  labour  fell  from  sixty-six  a  week  in  1871  to  forty-eight  in 
1873,  while  the  wages  rose  from  Bs.  a  day  to  Ss.  6d. ;  that  is,  the 
hours  of  work  decreased  29  per  cent.,  and  wages  increased  10  per 
cent.,  making  altogether  an  advance  of  nearly  40  per  cent.  In 
North  Staffordshire  the  hours  of  labour  also  fell  fr^om  58  to  50 
I)er  week,  and  wages  were  advanced  30  per  cent.  Since  then 
the  reverse  movement  has  taken  place.  The  wages  are  now 
regulated  by  a  sliding  scale,  according  to  the  selling  price  of 
coal.t 

The  present  selling  prices  of  coal  per  ton  of  2,240  lbs.,  from 

♦  Report,  Coal,  1873,  p.  91. 

t  "Ten  Years'  Coal  Mining,  Staffordehiie,"  Colliery  Gttardian, yohxL,lSSO, 
p.  492. 
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the  Earl  of  Dudley's  collieries,  are  as  follows  (September,  1881), 
these  prices  have  been  current  for  upwards  of  nine  months  : — 

EAST  OF  DUDLEY  (Tifton  Distbict). 

Thick  Coal. 

INTO   BOATS. 
3.     tl. 

Best  (Ilousehold) 9  0 

Furnace 8  0 

Forge  or  Steam 8  0 

Engine  Slack  (Best) 4  0 

Fine  Slack  (Ordinaiy) 3  6 

New  Mdte  Coal. 

Large 0    0 

Forge 8    6 

Engine  Slack 4    6 

Heathen  Co.\x. 

Large 9    0 

Forge 8    6 

Engine  Slack 4    6 

WEST   OF   DUDLEY  (Bribblby  Hill  Distbict). 

Thick  Coal. 

1.  Beet  (Household) 12  0 

2.  Furnace 8  6 

3.  Steam  (For  locomotives*) 7  0 

4.  Screenings  (Bright) 7  0 

5.  Screenings  ^team) 6  6 

6.  Engine  Slack  (Best  Himley  Collicrv)        .        .        .        .40 

7.  Engine  Slack  (Ordinaiy) 3  6 

In  the  beginning  of  February,  probably  due  to  the  severe 
weather  previously  prevailing,  the  quotations  of  coal  and  slack 
were  advanced,  making  furnace  coal,  lOs.  per  ton;  forge  coal, 
8s,  6d.f  and  engine  coal  and  slack,  Bs.  per  ton.  These  quotations, 
regulating  the  basis  of  the  coal  trade  in  Staffordshire,  will 
accordingly  lead  to  an  advance  of  wages  of  Sd.  per  day  to  men 
working  on  thick  coal,  and  IJ^.  to  the  men  employed  in  the  thin 
coal  seams.  No  change  appears  to  have  been  made  in  the  Can- 
nock Chase  district,  where  the  Cannock  Chase  Kailway  Collieries 
Company,  one  of  the  leading  firms,  give  the  following  quotations : 
best  deep  coal,  lOs. ;  yard  coal  and  best  deep  cobbles,  ds, ; 
shallows,  88,  Qd.;  steam  Qoal,  6«.  6d.,  and  slack,  6s»  6d.  and 
58.  6d.y  according  to  quality. 

Fopnlation  employed  above  and  below  Oround. — ^In  the 
working  of  coal  and  ironstone  in  Staffordshire,  in  the  year  1854, 
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there  "were  employed  in  coal  mining  25,681  persons  of  all  ages, 
and  in  ironstone  mining  2,870  persons ;  these  totals  include  all 
employed  above  and  below  ground.  In  the  Worcestershire  ex- 
tension of  the  coal-field  2,188  persons  were  employed  in  the  sane 
year  in  coal-mining,  and  252  in  ironstone  mining,  gi\ing  an 
aggregate  of  27>869  persons  in  coal  mining,  and  3,122  persons  in 
ironstone  mining.  The  census  of  the  year  1861  gave  25,285 
persons  as  the  number  employed  in  South  Staffordshire  and 
Worcestershire ;  increased  in  the  year  1864  to  26,620  persons, 
when  the  production  of  the  coal-field  was,  according  to  the  retims 
of  Her  Majesty's  Inspectors  of  Collieries,  10,206,000  tons  of  coal, 
giving  an  average  annual  yield  per  man  of  888  tons. 

In  subsequent  years  we  have  the  following  numbers  of  persons 
employed  computed  by  the  inspector  of  the  district,  to  which  is 
added  the  output  of  coal,  and  the  average  }4eld  per  man : — 


Year. 

Persons 
Employed. 

Coal  Raised. 

Average  per 
Man. 

No. 

Tons. 

Tons. 

1864 

26,620 

10,206,000 

383 

1865 

27,000 

10,201,000 

380 

1866 

27,000 

10,300,000 

381 

1867 

27,100 

10,268,000 

379 

1868 

28,000 

9,900,000 

350 

1869 

28,500 

10,408,000 

365 

1870 

29,000 

10,400,000 

358 

1871 

31,000 

10,500,000 

338 

1872 

31,500 

10,550,000 

335 

These  returns  exhibit  a  gradual  decline  between  the  years  1864 
and  1872  in  the  average  output  per  man  of  48  tons,  equivalent  to 
a  decrease  of  12  per  cent. 

In  the  year  1878,  under  the  provisions  of  the  Coal  Mines 
Regulation  Act,  the  total  number  of  persons  employed  in  South 
Staffordshire,  in  coal  and  ironstone  mining,  was  86,829,  of  whom 
27,497  were  engaged  under  ground,  and  9,982  above  ground. 
Since  that  date,  the  number  of  persons  employed,  and  the 
quantity  of  coal  and  ironstone  raised  in  South  Staffordshire  and 
Worcestershire,  has   been   as  follows ;  *  to  which  is  appended 

the  average  yield  per  man  in  tons : — 


Reports  of  H.M.  Inspectors  of  Mines. 
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Year. 

PERS0K8  EMPLOYED. 

Coul  Raised. 

Ironstone. 
Raised. 

Average 
I)er  Man. 

Under. 

Above. 

Total. 

1873 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

NOH. 

27,497 
27.304 
26,457 
24,476 
21,483 
18,681 
17,641 
17,563 

Noa. 
9,332 
9,551 
9,211 
8,322 
7,277 
6,422 
5,914 
5,930 

^  Noa, 

36,829 

36,855 

35,668 

32,798 

28,760 

25,103 

23,555 

23,493 

T(iU8. 

11,100,000 
8,500,000 
10,300,000 
10.000,000 
9,500,030 
8,976,000 
9,329,197 
9,660,000 

Tons. 
346,644 
246,174 
384,055 
294,482 
206,452 
191,513 
149,204 
186,245 

Tons. 
310 
237 
299 
313 
337 
365 
40*^ 
423 

lu  the  year  1879,  the  numbers  of  persons  employed  in  the 
Soutli  Staffordshire  and  Worcestersliire  parts  of  the  coal-field 
«re  given  separately,  and  appear  as  follows : — 


Districts. 

1                       , 

Under  Ground.  '  Above  Ground.             Total. 

1 

South  Staffordflhire 

Woroestershire          .     . 

1 

Nos.                        No8.            i            Nos. 
15,045                5,061               20,106 
2,596       ;           853        1         3,449 

'                            Total    . 

17,641               5,914              23,655 

Their  respective  ages  being  thus  distinguished : — 


Hale  Persons. 

Under  Ground. 

N»»fl. 

From  12  to  13 

21 

„      10  to  13   . 

••  • 

„      13  to  16 

1,256 

..      13  to  16  . 

•  •  • 

Above  16        .        .        . 

16,364 

),       16  •        •        •     • 

•  •  ■ 

Total    . 

17,641 

A>x>ve  Ground. 

Total. 

Xos. 

Nos. 

•  a  • 

21 

3 

3 

368 

1,624 

89* 

89 

5,057 

21,421 

397t 

397 

5,914 

23,555 

In  examining  the  average  quantity  of  coal  and  ironstone  raised 
per  man  in  South  Staffordshire,  according  to  the  returns  of 
Her  Majesty's  Inspectors,  a  great  falling  off  appears  in  the  year 
1874,  when  it  did  not  exceed  287  tons ;  the  diminished  output 
iirose  from  a  "  strike,'*  which  prevailed  for  about  four  months. 
U'his,  with  the  depressed  condition  of  the  iron  trade,  on  which 

♦  Females,  18  in  Staffordshire  and  71  in  Worcestershire. 
t  Females,  31C  in  Staffordshire  and  81  in  Worcestershire. 
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the  consumption  of  coal  greatly  depends,  reduced  tlie  output  from 
11,100,000  tons  in  1878  to  8,500,000  tons  the  following  year,  a 
decrease  of  2,600,000  tons,  equal  to  23  per  cent.  Since  1874 
the  average  output  has  steadily  increased,  and  results  in  this, 
direction  compare  favoui'ably  with  other  coal  producing  districts* 
Comparing  the  results  of  the  past  ten  years  with  the  average 
yield  per  man  in  the  year  1835,  we  have  the  following  as  the 
actual  quantity  of  coal  and  ironstone  got  per  man  per  day  in  the 
Soutli  Staffordshire  coal-field,  from  the  seams  named  : — * 


Coal  SSoanis. 

Coals. 

Lumps. 

Slack. 

Brooch  Coal  . 
Flying  Reed  Coal      .     . 
Thick  Coal     . 
Heathen  Coal    .        .     . 
New  Mine  Top  and  Fire 

Clay  Coals  . 
New  Mine  Bottom  Coal , 

Average  day's  getting   . 

Tons.  Cwts.  Qrs. 
14     0 
2      10     0 
5       0     0 

2  3    0 

3  9     1 

4  10    0 

Tons.  Cwta.  Qrs. 
0       5     0 

0  10     0 

1  0     0 
0      9     0 

0     10     2 

0     18     0 

Tons.  CwU.  Qrs. 
10     0 

0  15     0 

1  10     0 

0  13     0 

1  0    3 
17    0 

18 

16     1 

3     12     2 

6 

5     3 

3 

2     2 

0     12    0 

1 

0    3 

giving  a  total  daily  production  of  4  tons  15  cwts.  Iqr.  per  man. 
The  output  of  ironstone,  according  to  the  same  authority,  per 
man  per  day  being  as  follows^  from  the  ironstone  measures 
named : — * 

iROirsTOKB  MEA8URBS.  Ton8.Cwt8.Qrs. 

Thick  Coal  or  Black  Gubbin 0    18      3 

New  Mine              „                   0    16      2 

PoorEobin 0    18      3 

TVhite  Stone 260 

Balls 0    15      0 

Gubbin 0    15      0 

Blue  Flats 260 

8    16      0 

Average  day's  getting 1      d      0 

Besonrces  of  Coal-field  and  probable  Duration. — The  result 
of  the  Coal  Commission  Inquiry  shows  that  the  aggregate  acreage 
of  coal,  estimated  as  remaining  unworked  in  South  Staffordshire, 

♦  "  Minera'  Guide,"  by  Thcmas  Smith,  of  Sandy  Fields,  near  Sedgeley,  183G. 
pp.  82,  83. 
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East  Worcestershire,  and  Shropshire  coal-fields,  extend  over  an 
area  of  186,868  acres,  the  coal  amounting  to  2,266,668,810  tons, 
while  860,548,542  tons  are  deducted  as  unavailable  through 
inferior  quality,  waste  in  working,  or  destroyed  by  faults  or  other 
causes,  leaving  1,906,119,768  tons  available  for  future  use. 
These  estimates  do  not  include  any  seam  less  than  12  inches  in 
thickness,  nor  is  any  seam  known  to  exist  below  600  yards. 
Assuming  20  millions  as  the  available  coal  remaining  in 
the  Shropshire  area,  there  remained  in  the  year  1870  some 
1,886,119,768  tons  in  the  South  Staffordshire  coal-field,  which,  at 
the  rate  of  production  (9,856,500  tons)  in  the  year  1870,*  would 
be  exhausted  in  200  years  from  that  date. 

Deducting  the  coal  raised  during  the  ten  years  ending  1879, 
amounting  to  96,445,475  tons,  there  remained  at  the  end  of 
1879  some  1,789,674,298  tons,  which,  at  the  average  of  the  past 
ten  years,  9,644,547  tons,  would  afford  supplies  for  186  years, 
hence. 

The  production  of  this  coal-field  in  the  year  1880  shows  a 
slight  increase  over  the  average  output  of  the  past  ten  years ; 
the  total  amounting  to  9,660,000  tons,  of  which  8,281,000  tons. 
was  raised  in  South  Staffordshire,  and  1,429,000  tons  in  the 
Worcestershire  extension  of  the  coal-field. 

The  **  ten  yard  '*  or  thick  coal,  on  either  side  of  Dudley,  was 
estimated  by  Mr.  William  Matthews  in  1870  to  last  40  years 
from  that  date,  at  the  then  rate  of  production. 

*  Mineral  Statistics  of  the  United  Kingdom. 


CHAPTER    XIII. 

NORTH    WALES    COAL-FIELDS. 

Description  of  the  Anglesea,  Denbigh,  and  Flint  Coal-fields  and  Saccession  of 
Strata — Analyses — Production  and  Distribution  of  Coal — Population  employed 
in  Coal  Mining — Resources  and  probable  Duration. 

Tho  Horih  Wales  Coal  Fields. — These  are  situated  in  the 
<*ounties  of  Anglesea,  Denbigh,  and  Flint.  The  Anglesea  coal- 
-field *  foims  a  band  of  countiy  stretching  from  Hirdrefaig,  to 
Malldreath  Baj^  a  distance  of  nine  miles,  its  breadth  at  Mall- 
dreath  Marsh  being  a  mile  and  a  half.  The  succession  of  strata 
as  determined  by  Professor  Ramsay  appears  in  tlie  following 

section.! 

SuccEssiox  OF  Strata  Ai^glesea  Coal-field. 

Ft.  In. 

Permian  Rocks, — Bed  Sandstone,  Marl  and  conglomerate  .  19d  0 

Coal  Meamres  (1309  ft.).— Coal  (Glopux)  lying  m  lumps    .  9  0 

Shale         .        '.        .        .        .  51  0 

Coal 3  0 

Shale 63  0 

Coal 4  0 

Strata 75  0 

Coal  (iiTOgular)     .        .        .     .  2  0 

Strata 43  0 

Coal 6  0 

Strata 90  0 

Coal  (with  Cannel  roof)         .     .  18 

Strata  (about)    .         .        .         .  300  0 
Coal  (Rupposed  Berw  Uchaf  coal, 

in  three  beds  with  partings  7  6 

Strata 650  0 

Mittstone  (?nY.— Coal  (perhaps  in  Millstone  Grit)  2  ft.  0  in.  to  3  0 

,,            ,,       Yellow  Sandstone  and  conglomerate    .     .  200  0 
Carboniferous  Limestone. — Grey  and  Black  Limestone  and 

Sandstone  with  Productus, 

Spirifer,  Corals,  &c.     ,        .  450  0 

There  are  eight  seams  of  coal  in  this  outlying  coal-field,  from 
which  no  coal  was  raised  in  the  j'ear  1879  or  1880. 

The  Denbighshire  Coal-field  is  some  eighteen  miles  in  length 
l)y  four  in  width,  commencing  three  miles  south  of  Oswestry, 

♦  "  Coal-fieldB  of  Great  Britain,"  pp.  162, 163. 

f  "  Explanation  of  Section  of  Geological  Survey,"  sheet  40,  and  Geological  Map, 
sheet  78. 
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where  the  new  red  sandstone  begins  to  rest  directly  on  the  Mill- 
stone Grit,  and  extends  northward  by  Oswestry  to  Buabon  and 
Wrexham,  to  the  north  of  the  valley  of  the  Alyn.  The  seams  of 
coal  in  the  field  are  not  numerous,  nine  in  number.  The  upper 
and  lower  sulphm'ous  seams  at  the  top  of  the  series  are  not 
worked.  The  other  seams  and  strata  occur  in  the  following 
order  with  the  respective  thicknesses  : — 

Succession  of  Coal  Seams,  Denbighshire  Coal  Field. 

Yds.  Ft.  In. 
Top  SuJphnroua  Coal 0    4    0 

Strata 70    0  10 

Bottom  Sulphurous  Coal  .         .         .  '      .         .         .         .040 

Strata 10    0    7 

SmiWa  Coal 022 

Strata 12    1     1 

Browsodl  Coal  (good  quality) 0    3    0 

Strata 908 

Powell  Coal 0    3    3 

Strata 913 

Two-yard  Coed 0    6    0 

Strata 11    0    0 

CmwJb  Coal 028 

Strata  with  Brassey  L'onstono 10    2    G 

Brassey  Coal 050 

Strata  with  Black  Band  Ironstone  18  in.     .        .     .     10    0  11 
Main  Coal^  with  a  parting  of  clay  18  in. .        .        .        .076 

Total  .        .        ..  156    0  10 


Some  valuable  seams  of  ironstone  occur  in  this  coal-field,  the 
principal  being  the  "  Brassey  "  and  **  Black  Band ;  "  this  last 
measure  abounds  in  fossil  remains  of  fish  scales,  teeth,  and 
also  contains  a  bivalve  shell  of  tlie  genus  Anthracosia. 

The  Flintshire  Coal-fleld  extends  for  a  distance  of  fifteen 
miles  along  the  western  side  of  the  estuary  of  the  Dee  to  the 
point  of  Air,  but  throughout  a  considerable  part  of  its  range  the 
productive  portion  is  narrow  and  greatly  broken  by  faults.  The 
coal  seams  dip  beneath  the  estuary,  reappearing  through  a  fault 
near  Parkgate,  and  imderlie  the  New  Eed  Sandstone  of  the 
Cheshire  plain.  Professor  Hull  gives  the  following  general 
section  of  this  coal-field  : — 

Succession  of  Str-vta,  Flixtshiiie  Coal  Field. 

Ft  In. 

Four-foot  Coal  (Cannel  Coal) 4  0 

Strata 41  0 

Bind  Coal 2  6 

Strata  with  ironstone 62  0 

Hdlin  Coal  (in  three  beds) 6  6 
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Ft  In. 
Cannd 16 

Strata  with  ironstono 29    0 

BrcLsset/  Cacti 3    0 

Strata 82    0 

Main  Coal 7    0 

Strata 180  ft.  to  300    0 

Lower  Four^foat  Coal  (in  some  places  Cannel       .        .        .40 

The  main  and  Brassey  Coal  of  Flintsliire  and  Denbighshire 
correspond ;  the  Hollin  of  the  firet  is  the  Two  Yard  of  the  second, 
while  the  "  Bind  "  and  the  "  Powell  **  seams  are  identified,  so  also 
with  the  intermediate  measures  of  ironstone  of  Flintshire ;  they  also 
correspond  with  Denbighshire.  These  coal-fields  were  probably 
At  one  time  continuous,  though  they  are  now  divided  by  the  lilill- 
stone  Grit,  and  severed  by  the  Great  Bala  fault,  one  of  the  most 
extensive  in  Great  Britain,  traceable  from  the  sea  on  the  coast  at 
Merionethshire  through  Bala  lake  into  Cheshire,  and  with  a  dis- 
placement of  from  10,000  to  12,000  feet.  The  total  area  of  the 
Flintshire  coal-field  is  85  square  miles  with  an  estimated  thick- 
ness of  85  feet  of  coal. 

The  coal  and  shales  of  these  coal-fields  are  of  considerable 
importance  as  gas  and  oil  producers,  as  well  as  being  adapted  to 
household  purposes.  Those  employed  for  gas-making  (cannel) 
in  Flintshire  constitute  a  large  portion  of  the  Hollin  Coal,  and  of 
the  Lower  four-foot  coal  of  Leeswood  near  Mold.  This  latter 
seam  is  reported  to  yield  a  larger  percentage  of  gas  than  the  far- 
famed  Wigan  cannel,  but  the  rich  gas-producing  area  is  limited 
to  a  comparatively  small  distiict,  and  is  being  rapidly  exhausted. 

Analyses  of  tlie  Horth  Wales  Coal. — The  bituminous  coals 
of  Denbighshire,  examined  by  Mr.  Lewis  Thompson,  show  the 
following  constituents  ;  the  coals  reported  upon  being  seams 
worked  in  the  Buabon  district,  known  as  the  following : — 


BUABON  00AL8. 

Coiustitaenta. 

Top 
Yard. 

Main 
Heaiu. 

Yanl 
Seal  11. 

Nont 
Seau. 

Volatile  matter 

Coke 

Ash.        . 
Sulphar  in  ooal    . 

„      in  coke 

„      in  volatile  matter  .     , 
Ash  in  coke  (per  cent.)     . 
Specific  gravity    .        .        .     , 

37-50 
62-50 
2-50 
1-40 
0-80 
0-60 
4-00 
1-269 

41-50 
58-50 
1-00 
0-85 
0-45 
0-40 
1-70 
1-284 

34-00 
66-00 
1-40 
1-10 
0-60 
0-50 
2-10 
1-271 

37-90 
62-10 
1-40 
1-10 
0-70 
0-40 
2-20 
1-269 
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The  Ruabon  Main  Coal  in  the  above  series  yielding  by  far  the 
greatest  proportion  of  volatile  matter  is  thus  described  :  '*  Coal 
black  and  laminated;  fracture  irregular,  inclining  to  cubical; 
cross-fracture,  foliated  and  splintry,  with  numerous  layers  of 
charcoal  and  other  indications  of  iron  pyrites ;  streak,  dull  black. 
On  the  fire  swells,  and  fuses  together ;  ash,  pale  yellow.*' 

The  **  Main  Coal "  and  the  "  Two  Yard  Coal "  worked  by  the 
Brymbo  Company,  Wrexham,  employed  as  furnace  and  steam 
coal  afford  the  following  results  on  examination  : — 

» 

Besttlts  Tabulated. 


Constitiientfl. 

Carbon     . 
Hydrogen    . 
Nitrogen  . 
Sulphur 
Oxygen    . 
Ash     .        .        . 


Dryiiibo 

Bryiiibo 

Main  Cual. 

Two-yanL 

77-87 

78-13 

5-09 

5-53 

0-57 

0-54 

2-73 

1-88 

9-52 

8-02 

4-22 

6-90 

100-00 

100-00 

The  yield  of  coke  from  these  coals  is  equivalent  respectively 
to  55*40  and  56*20  per  cent.,  the  specific  gravity  being  1*801  and 
1*288. 

Other  analyses  made  in  Dr.  Percy's  laboratory  in  the  Royal 
School  of  Mines  by  Mr.  W.  L.  Ward,  give  the  following  results. 
The  coal  examined  was  obtained  from  the  "  Main  Seam  *'  and 
the  **  Crank  Seam,"  Wrexham,  Denbighshire. 

Besttlts  Tabttlated. 


Constituents. 


MalnCosL 

Crank  Coal. 

78-44 

81-29 

6-27 

4-23 

8-30 

6-77 

0*99 

0-91 

2-15 

2-50 

4-85 

4-10 

100-00 

99-80 

The  Main  Coal  yields  when  coked  61*88  per  cent.,  the  coke 
being  somewhat  lustrous  and  coherent,  the  colour  of  the  ash  light 
red.     The  Crank  Coal,  it  should  be  observed,  is  a  non-cakhig 
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coal ;  colour  of  the  ash  light  red.  This  coal  is  largely  composed 
of  the  fibrous  charcoal-like  stuff,  commonly  called  "  mother  of 
coal." 

The  coal  of  several  seams  raised  at  the  Ffrwd  Collieries  of 
Messrs.  Sparow  and  Poole  situated  near  Wrexliam  in  Denbigh- 
shire, gave  the  following  results  on  examination  by  Mr.  Edward 
Eiley.  The  annexed  refers  to  the  five  feet  coal,  the  best  furnace 
coal  of  the  district.  The  whole  of  the  sample  was  intimately 
pulverised.  It  contained  moisture  4*32  per  cent.  The  coal  dried 
at  212°  Fahr.,  giving  the  following : — 

Eestjlts  Tabulated. 

Coke,  per  cent 67'28 

Sulphur -91 

Ash 4-27 

The  ash  consisting  of  silica  '49  per  cent,  iron  peroxide,  and 
alumina,  3*06  per  cent.,  with  lime  and  traces  of  magnesia  72  per 
cent. ;  a  second  analysis  of  the  same  coal  giving  66'59  per  cent, 
of  coke,  and  4*43  per  cent,  of  ash. 

The  Powell  coal  examined  consisted  of  three  samples,  each  of 
which  was  pulverized  separately,  and  an  intimate  mixture  made 
of  equal  weights  of  the  powder.  The  mixture  gave  moisture  3"48 
per  cent     The  coal  dried  at  212°  Fahr.,  giving  the  following: — 

Eesults  Tabulated. 

Coke,  per  cent 66'61 

Sulphur 4'15 

Ash 6-61 

The  ash  consisted  of  silica  1'14  per  cent.,  oxide  of  iron  and 
alumina  5*28  per  cent.,  and  an  appreciable  amount  of  phosphoric 
acid  and  lime,  amounting  to  0*19  per  cent.  A  second  sample  of 
the  same  coal  prepared  imder  similar  conditions  gave  of  coke 
67'18  per  cent,  and  6*50  per  cent,  of  ash.  This  coal  appears  to 
be  extensively  used  for  lime-burning,  brick-making,  &c. ;  it  is  a 
caking  coal  and  makes  a  good  coke,  it  has  been  tried  in  the  blast 
furnace,  but  it  was  found  after  some  days'  trial  it  would  only  make 
white  iron. 

Samples  of  the  Top,  Bind,  and  Bottom  seams  examined  under 
similar  conditions  as  the  preceding  seams,  the  samples  being 
pulverized,  and  equal  weights  of  each  intimately  mixed,  gave  of 
moisture  3'38  per  cent.,  and  dried  at  a  temperature  of  212°  Fahr. 
the  annexed  results  were  obtained  of  two  varieties  : — 
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Results  Tabulated. 


r                      ' 

Constituents. 

First. 

Second. 

Coke  per  cent 

Sulphur 

Ash 

67-91 
115 
2-25 

07  01 

«  *  • 

2-48 

The  ash  in  the  first  analysis  consisted  of  0*68  per  cent,  of  silicn, 
oxide  of  iron  and  alumina  1*28  per  cent.,  and  0*56  per  cent,  of 
lime  with  a  little  magnesia. 

The  second  example  examined  is  a  furnace  coal  of  second 
quality,  containing  but  a  small  proportion  of  sulphur ;  so  far  as 
experience  goes  it  does  not  appear  to  be  a  strong  coal,  crushing 
to  some  extent  in  the  blast  furnace,  while  as  a  coking  coal  it  gives 
very  good  results. 

Another  seam  of  coal  in  the  Wrexham  district,  examined  also 

by  Mr.  Biley,  name  not  stated,  gave  the  annexed  results.     The 

coal  contained  moisture  4*79  per  cent.,  giving  when  dried  at 

212°  Fahi\  :— 

Besults  T^vbulated. 

Coke,  per  cent 66*31 

Sulphur 0-96 

Ash 1-48 

The  ash  consisting  of  silica  0*45  per  cent.,  oxide  of  iron  and 
alumina  0*68  per  cent.,  and  0*40  per  cent,  of  lime,  with  a  little 
magnesia.  It  is  remarked  of  this  coal  that  the  ash  is  white  in 
colour ;  the  coal  appears  to  make  a  hard  coke,  well  adapted  for 
use  in  the  blast  furnace,  the  percentage  of  sulphur  being  in- 
considerable. 

In  this  seam,  and  in  others  in  the  distiict,  there  are  occasionally 
found  thin  veins  or  balls  of  iron  pyrites ;  these  when  carefully 
removed  not  only  increase  the.  value  of  the  coal,  but  render  it 
available  for  use  in  the  blast  furnace. 

The  Flintshire  Coals,  described  as  free  burning,  strong,  not 
binding,  and  leaving  a  white  ash,  the  principal  markets  for  which 
are  Liverpool,  Chester,  Holyhead,  the  Isle  of  Man,  and  the  local 
metallurgical  establishments,  give  the  following  composition: — 
Those  examined,  the  "  Ewloe  "  and  the  "  BagiUt  Main  Coal,"  are 
thus  referred  to.  The  Ewloe  coal  is  a  **  splintry  coal  of  a  brown 
black  colour,  containing  large  quantities  of  mineralised  charcoal 
and  iron  pyrites,  although  less  white  shale  was  observed  than 

usually  occurs  in  coals  of  this  part  of  the  principality.'*     The 

it 
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Ewlbe  coal  is  worked  in  the  parish  of  Hawarden.  The  thickness 
of  the  seam  varies  from  8  to  10  feet,  and  occurs  at  a  depth  of  160 
yards  from  the  surface.  The  "  Bagillt  Main  Seam  "  is  a  vein 
5  feet  thick,  worked  at  a  depth  of  100  yards  from  the  surface ; 
the  colliery  is  situated  in  the  parish  of  Holywell,  bordering  on 
the  River  Dee,  from  which  river  it  is  distant  about  one  mile.  As 
steam  coals  they  are  found  to  light  easily,  bum  freely,  and  blow 
off  much  steam.  These  coals  evolve  much  smoke  and  soot,  and  a 
considerable  amount  of  ash  and  cinder ;  the  amount  of  clinker  left, 
however,  is  small.  The  mean  composition  of  average  samples 
of  these  coals  is  as  follows  : — * 

Results  Tabulated. 


ConsUtucntg. 

Ewloe  Coal.          Bagillt  Main. 

Carbon 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 

ARh 

Specific  gravity 

Coke  per  cent 

Weight  of  a  cubic  foot 

Space  occupied  by  a  bm       .     . 

80-97 
4-96 
1-10 
1-40 
8-20 
3-37 

88-48 
5-62 
2-02 
1-36 
0-86 
1-62 

10000              199-96 

1-275 
54-50 
54-51  lbs. 
44-44ft. 

1-269 
55-80 
49-63  lbs. 
45-16  ft. 

Cannel  coal  is  not  widely  diffused  in  om*  coal-fields,  the  most 
noted  localities  being  Wigan  in  Lancashire,  the  most  impor- 
tant in  Great  Britain ;  and  Leeswood  (south  of  Mold),  Flint- 
shire; Gilmerton,  near  Edinburgh;  Muirkirk,  in  Lanarkshire, 
and  a  few  other  localities  in  Ayrshire  and  Fifeshire.  The 
character  of  cannel  coal  is  very  variable ;  where  it  occurs  in  its 
most  perfect  form,  as  at  Leeswood  Green,  near  Mold,  Flintshire, 
the  roof  of  the  seam  is  usually  of  a  rich  oleaginous  shale,  from 
4  to  10  inches  through.  Next  below  comes  what  is  termed 
the  smooth  cannel,  which  is  about  27  inches  thick.  This 
mineral  is  described  as  possessing  a  flat  conchoidal  fracture, 
and  in  addition  to  its  more  important  commercial  properties 
might,  if  required,  be  converted  into  jet-like  ornaments.  The 
smooth  cannel  passes  insensibly  down,  trending  into  what  is 
known  and  highly  prized  as  "  curly  cannel,"  which  may  be  said 

♦  "  Coals  Suited  to  the  Steam  Navy,"  3rd  Report,  pp.  16,  81,  and  55, 
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to  average  18  inches  in  thickness.  The  cannel  seat  or  floor  is  a 
highly  bituminous  shale,  occasionally  passing  into  an  impure  coal, 
and  associated  with  a  black  band  ironstone.  The  aspect  of  the  curly 
cannel  is  quite  unique ;  it  is  lustrous,  compact,  and  imperfectly 
conchoidal,  with  numerous  flat  circular  disc-like  appearances. 

In  a  report  on  the  Leeswood  cannel,  made  by  Dr.  Andrew  Fife, 
to  ascertain  its  value  as  a  gas-producing  mineral,  and  also  as  a 
coke-giving  coal,  the  annexed  table  noting  the  results  of  his 
examination  exhibits  the  character,  in  comparison  with  other 
well-known  cannels : — 


1 

Leeswood 
smooth 
Cannel. 

Tjeeswood 

curly 
Caimel. 

Wigan 
Cannel. 

Lesmahago 
Cannel. 

Topbane 

or  Boghead 

CoaL 

Cubic  feet  of  gas  per  ton 
Durability  of  gas  per) 

foot:  min.     .        .     ) 
Tllnininating  power  per  ^ 

foot,  candles       .        s 
Grains  of  sperm  per  foot 
Value  of  coals  in  lbs.  of ) 

sperm    .        .        .     ( 
Comparativo   value   of ) 

the  coals     .        .        ) 

9,972 
58-05 

8-2 

0-981 

1401-7 

5-610 

14,280 
82-30 

1-09 

1-308 

2668-3 

5-025 

12,100 
48-35 

5-00 

0-36 

617-00 

•  •  • 

10,176 
70-00 

8-10 

1044 

1517-0 

1-16 

15,482 
84-40 

10-30 

1-242 

2736-0 

2-86 

Production  of  Coal. — ^From  Pennant,  in  his  "Tour  in  Wales,"  * 
written  in  the  year  1810,  we  have  the  following  account  of  the 
Mostyn  collieries  in  Flintshire : — "  The  collieries  of  Mostyn  and 
Bychton  have  been  worked  for  a  very  considerable  time,  and  in 
the  last  century  (the  eighteenth)  supplied  Dublin  and  the  eastern 
side  of  Ireknd  with  coals.  They  were  discovered  in  the  town- 
ship  of  Mostyn  as  early  as  the  time  of  Edward  I.,  as  appears  by 
an  "  Extent "  of  that  place,  in  the  28rd  year  of  his  reign.  They  are 
at  present  in  a  low  state,  partly  from  the  rise  of  the  works  at 
Whitehaven,  but  more  from  the  loss  of  channel  of  the  Dee, 
which  in  the  beginning  of  this  century  flowed  so  close  to  our 
shore,  that  ships  of  200  tons  lay  under  this  parish  with  their 
cables  twisted  round  the  trees.  At  present  vessels  of  60  or  70 
tons  cannot  approach  nearer  than  two  miles,  the  Dee  now  flowing 
under  the  opposite  shore.  Still,  we  load  a  few  vessels  for  Ireland, 
and  some  for  North  Wales.  Much  is  also  consumed  by  the  neigh- 
bouring smelting-houses  and  the  inland  parts  of  Denbighshire. 


*  Thos.  Pexmant*s  "  Tour  in  Wales,"  Vol.  i.,  p.  23, 1810. 
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The  improvement  of  land  by  lime  has  of  late  occasioned  a  great 
consmnption  of  coal  by  the  farmers,  and  by  the  persons  who  burn 
it  for  sale." 

From  the  agricultural  survey  of  North  Wales,  published  in 
1794,*  it  appears  that  there  was  but  one  colliery  in  Anglesea  pro- 
ducing ten  tons  per  day,  or  about  3,000  tons  a  year,  and  sold  at 
16«.  per  ton  at  the  pit's  mouth.  The  metallurgical  works  of  the 
Pary's  Mountain  and  Sulphur  Company,  now  known  as  the 
Mona  Smelting  Works,  appear  to  have  been  the  only  manu- 
facture then  carried  on  in  the  district.  Until  the  year  1854  there 
does  not  exist  any  information  showing  the  production  of  the 
coal-fields  of  North  Wales,  the  output  of  the  collieries  being  in- 
cluded with  those  of  other  coal-fields.  In  that  yeai',  however, 
1,143,000  tons  were  raised  from  the  60  collieries  then  in  opera- 
tion in  Denbighshire,  Flintshke,  and  Anglesea,  and  in  the 
following  year  1,125,000  tons,  the  yield  of  65  collieries. 

In  subsequent  years  the  production  of  the  respective  coal- 
fields in  North  Wales  are  separately  distinguished,  the  quantities 
being  as  follows,  with  the  total  number  of  collieries  in  the  three 
coal-fields : — t 


Year. 

Number  uf 
Collieries. 

Denbighshiro. 

Flintshire. 

Anglesea. 

Xo8. 

Tons. 

Tons. 

Tons. 

1856 

81 

527,000 

519,500 

t 

I8t57 

84 

527,000 

519,500 

t 

1858 

81 

525,000 

497,000 

t 

1859 

81 

1,039,500 

687,500 

35,000 

'     1860 

84 

1,139,500 

590,600 

20,500 

;     1861 

78 

1,250,000 

600,500 

19,750 

1862 

77 

1,016,000 

625,500 

18,500 

1863 

81 

1,078,500 

631,500 

18,000 

1864 

81 

1,381,560 

590,500 

15,000 

1865 

84 

1,395,000 

675,000 

12.500 

1866 

80 

1,500,000 

670,000 

12,000 

1867 

75 

1,475,260 

886,500 

10,500 

1868 

66 

1,520,000 

857,500 

7,500 

1869 

65 

1,427,701 

725,288 

2,191 

1874 

122 

1,435,950 

985,000 

3,850 

1875 

124 

1,379,560 

955,600 

2,248 

1876 

128 

1,355,500 

850,000 

1,750 

1877 

112 

1,622,500 

855,750 

1,330 

1878 

107 

1,513,900 

707,785 

672' 

1879 

105 

1,498,985 

720,697 

«..              ' 

1880 

1 

1,650,406 

778,909 

1 

♦  The  Rev.  Walter  Da  vies,  M.A.,  1704. 
t  Mineral  Statistics.  X  Included  in  Flintshire. 
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Summarising  the  above  returns  of  the  coal  produce  of  North 
Wales,  the  following  shows  the  number  of  collieries  in  each 
county,  as  also  the  total  output : — 


NCSfBBR  OF  COLLIERIES. 

1 

Tntjil  of 

1      Year. 

T\^MV.l.«t« 

Nortli  Walea. 

1 

DenWgli- 
shire. 

Flintshire. 

Anglesea. 

Nos. 

Kiw. 

Nos. 

Tone. 

1854 

25 

30 

5 

1,143,000 

1855 

29 

31 

5 

1,125,000 

185G 

34 

42 

5 

1,046,500 

1857 

39 

40 

5 

1,046,500 

1858 

39 

37 

5 

1,022,500 

1859 

38 

38 

5 

1,^62,000 

1860 

39 

40 

5 

1,750,500 

1861 

35 

38 

5 

1,870,250 

1862 

31 

41 

5 

1,660,000 

1863 

35 

41 

5 

1,728,000 

1864 

35 

41 

5 

1,987,060 

1865 

36 

43 

5 

1,983,000 

1866 

35 

40 

5 

2,082,000 

1867 

34 

37 

4 

2,371,250 

1868 

29 

34 

3 

'  2,385,000 

1869 

31 

32 

2 

2,155,180 

1870 

23 

28 

2 

2,329,030 

1871 

24 

32 

2 

2,500,000 

1872 

38 

34 

2 

♦ 

1873 

50 

62 

3 

2,450,000 

1874 

59 

60 

3 

2,425,300 

1875 

61 

60 

3 

2,337,308 

1876 

61 

64 

3 

2,207,250 

1877 

59 

51 

2 

2,479,580 

1878 

54 

51 

2 

2,222,357 

1879 

53 

52 

•  •  • 

2,219,682 

1880 

38 

38 

•  •  • 

2,429,315t 

Canncl  coal  appears  to  have  been  discovered  in  Flintshire 
about  the  year  1862,  at  Leeswood,  when  28,816  tons  were  raised. 
This  quantity  was  increased  to  120,000  tons  in  the  year  1864, 
when  the  following  collieries  were  raising  cannel  coal : — ^Lees- 
wood Green,  Leeswood  Hill,  Coed  Talon,  Coppa  and  Nerquis, 
all  situated  near  Mold,  and  at  Wem  near  Bagillt.  The  pro- 
duction of  cannel  in  1865  amounted  to  150,000  tons  in  flint- 


*  Included  in  West  Lancofihire,  but  estimated  at  2,600,000  tons, 
t  Bcport  H.M.  Inspectors  of  Mines,  1880. 
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shire.  The  production  of  the  seams  yielding  cannel  the  same  year 
in  the  collieries  of  the  United  Kingdom  was  as  follows  : — 

TONS. 

England 946,175 

Wales 160,000 

Scotland 322,000 

Total 1,418,175 


The  yield  of  cannel  coal  not  being  separately  distinguished 
from  that  of  bituminous  coal  and  anthracite  since  the  above- 
named  year,  the  following  details  of  the  quantity  raised  in 
England  in  1865  will  generally  indicate  those  coal-fields  from 
which  the  cannel  coal  was  then  obtained ; — 


COUKTIBS.  TONS. 

South  Staffordshire 10,000 

Nottinghamshire 46,950 

Derbywiire 42,225 

Yorkshire 185,000 

Lancashire 650,000 

Cheshire 12,000 

Total  production  in  England       .  946,175 


Of  the  total  cannel  coal  raised  in  the  3'ear  18G5,  it  was  esti- 
mated that  250,000  tons  were  submitted  to  distillation  for  coal-oil, 
leaving  1,168,175  tons  available  for  gas  manufacture  and  other 
pui*poses. 

Distribution  of  Coal. — The  coal  of  North  Wales  has  long  en- 
joyed a  high  reputation  for  various  commercial  purposes,  and  is 
extensively  employed  as  a  steam  coal,  for  gas  manufacture  and 
coking,  and  some  varieties  for  the  blast-furnace  and  foundry.  As 
a  house  coal  some  seams  of  the  Euabon  district,  in  Denbighshire, 
are  especially  suitable,  and  these  coals  are  in  good  demand  in  the 
midland  counties  and  the  metropolis.  The  early  returns  bearing 
on  the  distribution  of  coal  from  North  Wales  are  not  important ; 
those  returns,  however,  of  recent  )'ears,  show  in  a  marked  manner 
the  increasing  demand.  The  following  table  giving  the  quantities 
carried  out  of  the  district  by  the  London  and  North-Westem  and 
Great  Western  Railways,  will  show  the  extent  of  the  distribution 
since  1863 : — 
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Year. 

London  and 

Great  Western 

Nortli-We»tern  Railway. 

Railway. 

Tons. 

Tons. 

1863 

196,957 

«  •  • 

1864 

216,043 

•  •  • 

1865 

305,000 

625,291 

1866 

310,863 

600,000 

1867 

372,755 

627,355 

1868 

381,668 

703,379 

1869 

321,367 

611.524 

1870 

376,512 

646,810 

1871 

391,516 

839,090 

1872 

408,667 

967,855 

1873 

481,284 

950,746 

1874 

464,808 

864,162 

1875 

424,118 

802,763    * 

1876 

368,554 

1,055,775 

1877 

373,464 

1,183,205 

1878 

328,325 

988,675 

1879 

316,200 

952,154 

1880 

304,509 

960,934 

While  the  above  figures  exhibit  the  increased  distribution  of 
the  North  Wales  coal  since  the  year  1863,  the  London  and  North- 
western Railway,  it  appears,  carried  over  its  extensive  system 
from  the  several  coal-fields  which  it  traverses  in  the  same  year, 
8,756,111  tons,  increased  to  8,299,491  tons  in  the  )'ear  1873,  and 
11,100,891  tons  in  the  year  1880.  The  Great  Western  Railway 
in  the  same  manner  carried  a  total  of  382,104  tons  in  the  year 
1857,  increased  to  6,412,798  tons  in  the  yeai- 1877,  and  6,909,968 
tons  in  the  year  1880. 

Population  omployed  in  Coal  Mining  in  North  Wales. 
AxGLESEA. — The  number  employed  in  the  year  1854  in  coal 
mining  was  61  persons  of  all  ages.  Not  again  until  1874  do  any 
returns  appear;  in  that  year,  however,  and  until  1878,  the 
numbers  employed  under  and  above  ground  are  as  follows  : — 


Year. 

PERSONS  EMPXX>YED. 

Coal 
Raised. 

Average 
per  Man. 

Under 
Ground. 

Abovo 
Ground. 

Total. 

1874 
1875 
1876 
1877 
1878 

Noa. 
32 
15 
12 
10 
7 

N09. 

20 

7 
7 
7 
6 

Nos. 
52 
22 
19 
17 
13 

Tons. 
3,746 
2,248 
1,820 
1,320 
672 

Tons. 

72 
102 

im 

77 
51 

181- 
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Denbighshire. — The  number  engaged  in  coal  mining  in  the 
year  1854  was  8,017,  and  in  iron  mining  three  persons.  The 
quantity  of  coal  raised  being  included  in  the  production  of  North 
Wales,  which  in  that  yenx  amounted  to  1,143,000  tons,  the  total 
number  of  persons  engaged  in  its  output  being  4,628,  of  whom 
1,556  were  in  Flintshire,  and  51  in  Anglesea.  Since  the  year 
1874  the  figures  are  as  under  : — * 


PERSOXS  EMPLOYED. 

Year. 

Total. 

Coal  Raised. 

Average 
Iter  Man. 

Under  Ground. 

Above  Ground. 

»NOR. 

Nos. 

Nos. 

Tons. 

Tons. 

1874 

6.488 

1,628 

8,116 

1,431,959 

176 

1875 

6,419 

1,683 

8,102 

1,381,380 

171 

1876 

5,947 

1,497 

7,444 

1,560,388 

210 

1877 

5,228 

1,444 

6,672 

1,618.077 

243 

1878 

5,025 

1,232 

6.257 

1,514,829 

242 

1879 

5,377 

1.278 

6,655 

1,499,857 

225 

1880 

5,689 

1,270 

6,959 

1,650,406 

237 

In  the  year  1879  the  ages  of  those  employed  above  and  below 
ground  are  thus  distinguished  : — 


All  Ages. 

Under  Ground. 

Above  Ground. 

Total. 

Between  12  and  13 

„       13  and  16    .     . 
„      10  and  13 

Above  16  .        .        .     . 

Total 

Nos. 
33 
398 

4,946 

Nos. 

■  •  • 

98t 

i,n3§ 

Nos. 

33 

496 

7 

6,119 

5,377 

1,278 

6,655 

Flintshire. — The  total  number  of  persons  of  all  ages  engaged 
in  coal  mining  in  Flintshire  in  the  year  1854  was  1,555.  Occa- 
sional returns  are  met  with  in  later  years,  but  none  sufficiently 
complete  for  comparison.  In  1874,1!  and  since  the  necessary 
data  are  available,  imd  appear  in  the  annexed  table,  showing  the 
numbers  employed,  the  quantities  of  coal  raised,  and  the  average 
produce  per  man  : — 

*  Reports  of  H.M.  Inspectors  of  Mines. 

f  Inclading  11  females.        :^  IncludiDg  4  females.         §  Including  Gl  females. 

IJ  Report  H.M.  Inspector  of  Coal  Mines,  Mr.  Henry  Hall. 
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Year. 

PERSONS  EMPLOYED. 

Total. 

Coal  Raiseti. 

Average 
ycr  Man. 

Under  Ground. 

Above  Ground. 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
4,567 
4,266 
3,472 
3,078 
2,608 
2,733 
2,633 

Nos. 

1,401 

1,208 

1,046 

1,029 

766 

754 

016 

Nos. 

5,968 
5,474 
4,518 
4,107 
3,374 
3,487 
3,249 

Tons, 
993,332 
965,490 
855,257 
854,923 
708,724 
721,697 
778,909 

Tons. 
166 
176 
189 
208 
210 
207 
240 

In  the  year  1879  the  respective  ages  of  those  employed  are 
classified  as  follows  : — * 


1 

1                      All  Ages.                      1  Under  Ground. 

Above  Ground. 

Total. 

1^'rom  13  to  16 

Above  16  .        .        .     . 

Nos, 
108 
2,625 

Nos. 

86 

66S 

Nos. 

194 
3,293 

Total 

2,733 

754                 3,487 

Summarising  the  number  of  persons  employed  in  the  coal- 
fields of  Anglesea,  Denbighshire,  and  Flintshire,  for  the  seven 
years  ending  1880,  the  annexed  table  shows  the  aggregate  em- 
ployed in  North  Wales,  with  the  total  output  of  coal,  which  is 
supplemented  by  the  average  output  of  coal  per  man  for  the 
whole  district : — * 


Year. 

PERSONS  BMPLOVED. 

Total. 

Coal  Raised. 
North  Wales. 

Average 
iwr  Man. 

Under  Ground. 

Above  Ground. 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
11,087 
10,700 
9,431 
8,316 
7,640 
8,110 
8,322 

Nos. 
3,049 
2,898 
2,550 
2,480 
2,004 
2,032 
1,886 

Nos. 
14,136 
13,598 
11,981 
10,796 
9,644 
10,142 
10,208 

Tons. 
2,429,037 
2.349,118 
2,417,965 
2,474,320 
2,224,225 
2,221,554 
2,429,315 

Tons. 

172 
172 
202 
229 
230 
220 
238 

Mr.  H.  Hall,  in  1879,  gives  the  average  quantity  of  coal  raised 
per  man  in  North  Wales  as  220  tons,  and  in  West  Lancashire 
also,  in  his  inspection  district,  826  tons.  This  apparent  deficiency 

*  Beports  H.M.  Inspector  of  Coal  Mines,  Mr.  Henry  Hall,  West  Lancaahire  and 
North  Wales. 
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in  individual  efficiency,  Mr.  Hall  remarks,  appears  from  year  to 
year,  and  it  is  difficult  to  fix  the  cause.  "  The  *  output '  at  many 
of  the  North  Wales  collieries  is  very  small,  and  machinery  for 
hauling  is  not  so  general  as  in  other  districts,  thus  entailing  more 
manual  labour,  and  the  demand  for  the  class  of  coal  produced  is 
not  such  as  to  keep  the  collieries  constantly  at  work ;  nor  is  the 
atmosphere  of  many  of  the  mines  such  as  is  likely  to  encourage 
energetic  labour." 

BasourceB  of  the  Vorth  Wales  Coal-fields. — The  total  number 
of  statute  foot  acres  of  coal  wrought  and  unwrought  in  the  North 
Wales  coal-fields  as  enumerated  by  Mr.  Joseph  Dickinson,  in  the 
**  Coal  Commission  Report,"  *  amounts  to  2,585,815  acres,  and 
of  this  area  864,210  acres  have  already  been  wrought  at  the  date 
of  the  Eepoi-t  (1870). 

The  acreage  of  the  respective  coal-fields,  the  depths  of  coal 
from  surface,  the  total  originally  existing,  and  those  portions 
wrought,  appear  in  the  annexed  statement :-— 


Noi-th  Wales  Coal-fields. 

DEPTHS  FROM  TITE  SURFACE. 

portion 

already 

Wrougllt. 

Not  exceeding 
3,000  feet. 

Between  3,000     Total  AVrouglit 
aud  4,000  leet.    and  Unwrought. 

Anglesea 

Denbighshire      .     . 
Flintshiref 

Total  acres    . 

Acres. 

7,513 

915,882 

1,362,840 

Acres. 
299,080 

•  •  • 

Acres. 

7,513 
1,214,962 
1,362,840 

Acres. 

1,959 

80,000 

282,251 

2,286,235 

299,080 

2,585,315 

361,210 

Of  the  acreage  of  coal  yet  remaining  in  the  above  coal-fields, 
considerable  reductions  for  faults,  supports,  bnn-iers,  &c.,  are 
made,  leaving  the  portion  unwrought,  likely  to  be  clear  for  work- 
ing, 1,435,788  statute  foot  acres.  This  acreage  is  apportioned 
as  under : — 


North  Wales  Coal-fields. 

Acreage  remain- 
ing unwrought. 

Acreage  un- 
wrought de- 
ducted for  faults, 
tMuricrs,  «J:c. 

Acrca;;e  un- 
wrought likely 
to  be  eh^ar  for 
Working;. 

1 

Anglesea 

Denbighshii'o     .        .     . 
l^'lintsnire 

Total     .        .     . 

Acres. 
6,554 
1,134,962 
1,080,689 

Acres. 
1,586 
215,622 
668.109 

Acres. 
3,968 
919,340 
612,480 

2,221,105 

785,317 

1,435,788 

Vol.  i.,  p.  18.      t  Including  Neston  in  Cheshire  and  the  Estuary  of  the  Dee. 
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In  the  computation  of  the  acreage  remaining  unwrought,  and 
likely  to  be  clear  for  working,  an  allowance  of  one-fourteenth 
has  been  made  for  unavoidable  loss  and  waste  in  worldng,  and 
1,400  tons  have  been  talcen  as  the  average  yield  of  each  foot  acre. 
This  estimate  gives  to  each  of  the  North  Wales  coal-fields  the 
available  quantities  as  follows,  in  statute  tons  of  2,240  lbs. : — 


i 

Norili  Wftles  Coal-fields. 

Tons  of  Coal  remaining 
unwrought  in  each  Cool-llcM.   i 

Anglesea 

Denbighshire       .        .        .     . 
Flintshire         .        .        .        .  | 

Tons.                      \ 

5,000,000        ; 

1,287,000,000 
718,000,000 

Total        .... 

2,010,000,000 

With  the  production  of  1870,*  amounting  to  2,829,030  tons, 
and  the  above  quantities,  supplies  would  be  available  for  863 
years.  Deducting  the  production  of  North  Wales  for  the  ten 
3'ears  ending  1879,  amounting  to  23,770,507  tons,  there  remains 
1,986,229,493  tons.  This  at  the  average  of  the  ten  years 
(2,877,050  tons),  would  afiFord  supplies  for  839  years ;  while,  if 
the  year  of  gi'eatest  production  be  taken  (1872),  when  2,600,000 
tons  were  the  output,  the  exhaustion  of  these  coal-fields  at  that 
rate  would  occur  764  years  hence. 


*  Mineral  Statistics  of  the  United  Kingdom. 


CHAPTER   XIV. 

SOUTH   WALES  COAL-FIELD. 

Description  of  Coal-field,  including  its  extension  through  the  Counties  of  Pembroke, 
Glamorgan,  Cacrmarthen,  Breckon,  and  Monmouthshire — The  Thickness  of 
Strata  and  Seams  of  workable  Coals — Analyses  of  the  several  varieties  of  Coal, 
Anthracitic  and  Bituminous — Coke  manufacture  at  Ebbw  Vale — The  Copp6e 
Process — The  Bess^^ges  Process  as  carried  out  in  France — Production  of  Coal- 
field— Parish  Returns — Deep  Winning  at  the  Harris  Navigation  Pit — Bute 
Docks — Distribution  of  Coal  Coastwise  to  Foreign  Countries  and  by  Railway — 
Prices  and  Cost  of  Production — Resources  and  probable  Duration  of  Coal-field. 

The  South  Wales  Coal-field. — Excepting  tlie  coal  basin  of 
the  Clyde  in  Scotland  this  is  the  largest  coal-field  in  Great 
Britain,  having  a  total  area  of  1,000  square  miles,  and  a  vertical 
section  of  strata  associated  with  the  coal  measures  of  between 
11,000  and  12,000  feet.  The  coal-field  occupies  a  large  area  of 
the  count}'  of  Glamorgan,  and  its  extension  appears  in  the  neigh- 
bouiing  counties  of  Monmouth,  Brecon,  Caermarthen,  and  Pem- 
broke, distributed  as  follows : — 

COUNTIRS.  SQUARE   MILES. 

Monmouthshire 104 

Glamorganshire 018 

l^recknockshire 74 

Caermarthenshire 228 

Pembrokeshire 70 

Total 1000 

Bisca,  PontjT)ool,  and  Blaenavon  mark  the  eastern  limit  of 
the  coal-field  in  Monmouthshire,  from  Pont3'pool  to  Saint 
Bride's  Bay  in  Pembrokeshu'e,  the  western  limit  of  the  coal- 
field ;  its  greatest  length  is  about  89  miles ;  its  greatest  breadth 
in  Glamorganshire  being  about  21  miles.  From  Abersychan,  in 
Monmouthshire,  to  the  Gl}Ticorrwg  Fault  in  Glamorgan,  the 
length  is  24  miles  and  the  average  width  18  miles.  From  the 
Glyncorrwg  Fault  going  west  to  Neath,  a  distance  of  9  miles, 
the  average  width  is  20  miles.  At  Aberafon,  5  miles  due  south 
of  Neath,  a  portion  of  the  coal-field  runs  beneath  Swansea  Bay 
for  a  distance    of  9  miles,  and  with    an  average  breadth  of 
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2  J  miles,  appearing  again  at  Oystermouth.  From  the  latter  place 
to  Kidwelly,  a  distance  of  14  miles,  it  has  an  average  breadth  of 
14  miles ;  a  considerable  portion  of  this  part  of  the  coal-field,  how- 
ever (9  miles  long  by  6  miles  broad),  lies  beneath  the  estuary  of  the 
Burry  and  Llwchwr  rivers.  At  Kidwelly  the  whole  coal-field  is  lost 
beneath  the  waters  of  Caermarthen  Bay,  reappearing  at  Amroth,  in 
Pembrokeshire ;  the  portion  beneatli  the  sea  being  15  miles  in  length, 
with  an  average  width  of  6  miles.  From  Amroth  the  coal-field 
runs  uninteiTuptedly  to  Saint  Bride's  Bay,  a  distance  of  20  miles, 
with  an  average  breadth  of  only  5  miles.  North  of  Walton,  West 
Pembrokeshire,  at  the  westernmost  extremity  of  the  field,  the 
coal-measures  take  a  sudden  bend  to  the  north  for  a  distance  of 
5  J  miles,  with  an  average  width  of  1 J  miles.  This  latter  portion, 
however,  is  not  taken  into  consideration  in  estimating  the  length 
of  the  coal-field.  The  average  width  west  of  the  Glyncorrwg 
Fault  is  9^  miles.  From  the  exhaustive  paper  of  Thomas  Foster* 
Brown,  Esq.,  F.G.S.,  former  President  of  the  South  Wales  Insti- 
tute of  Engineers,  on  the  South  Wales  coal-field,  the  foregoing  facts 
are  gathered,  as  also  are  the  following  general  references  to  the 
geological  succession  of  rocks  in  the  area  of  the  coal-field. 

The  Coal  Measures  repose  principally  on  the  millstone  grit ; 
westward,  however,  of  Swansea  Bay  the  millstone  grit  disappears, 
and  the  Lower  coal*measures  repose  upon  the  Mountain  limestone, 
and  still  further  west  the  coal-measures  lie  immediately  upon  the 
Lower  Silurian  rocks.  The  millstone  grit  is  of  the  usual  litho- 
logical  character  of  these  beds ;  it  contains  few  fossils.  At  its 
base  occurs  a  stratum  of  conglomerate  about  20  feet  in  thickness, 
its  maximum  thickness,  where  fully  developed,  being  220  feet. 
This  formation  is  often  confounded  with  the  Farewell  rock  of  the 
district,  which  is  a  trae  marine  stratum  lying  above  the  millstone 
grit  and  in  the  true  coal-measures. 

The  Moimtain  XkuDiestone,  immediately  underlying  the  mill* 
stone  gi'it  and  resting  upon  the  Old  Red  Sandstone,  is  generally 
seen  to  dip,  where  it  is  exposed,  conformably  with  the  coal- 
measures.  On  the  north  of  the  coal-field  the  limestone  ridge 
reaches  a  considerable  altitude,  in  some  places  being  more  than 
1,200  feet  above  the  sea,  while  on  the  south  crop  the  usual  height 
is  from  400  to  500  feet.  The  limestone  is  divisible  into  two 
horizons ;  first,  upper  beds,  consisting  of  alternating  dark  shales, 
with  bands  of  limestones  passing  downwards  into  massive  beds 
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of  the  latter,  the  aggregate  thickness  being  about  from  700  to 
1,000  feet. 

The  Old  Bed  Sandstone,  Upper  Devonian,  occupies  a  large 
proportion  of  the  district  under  consideration.  It  consists  of 
conglomei'ates,  red  and  brown  sandstones,  marls,  and  calcareous 
cornstones,  from  8,000  to  10,000  feet  in  thickness.  On  the  north 
of  the  field  these  beds  form  the  highest  ground  in  South  Wales, 
rising  to  the  height  of  2,910  feet  above  the  level  of  the  sea. 

Silurian. — This  formation  consists  of  the  Upper  Silurian  rocks 
(Ludlow  and  Wenlock  series)  in  the  east,  and  Middle  Silurian 
(Llandovery  rocks),  and  Lower  Silurian  (Llandeilo  flags)  in  the 
west.  Their  thickness  probably  averages  between  600  and 
700  feet.  They  form  tolerably  high  ground  on  the  east  of  the 
coal-field,  between  Pontypool  and  Usk  in  Monmouthshire. 
South  of  Llandegfydd  in  the  same  shire,  they  are  lost  beneath 
the  Old  Red  Sandstone,  cropping  up  again  around  Llanfrechfa, 
three  miles  north  of  Newport,  and  again  at  Malpas,  Penrhas, 
Llanhennock  and  Christchurch,  all  \vithin  a  few  miles  from 
Newport.  On  the  west,  after  striking  beneath  the  beds  of  the 
Old  Red  Sandstone  for  some  distance,  they  re-appear  on  tlie 
surface  near  Saint  Mellon's ;  from  whence  they  run  uninterruptedly 
to  Pen-y-lan  and  Rumney,  near  Cardiff.  In  the  west  of  the 
coal-field  the  Lower  Silurian  beds  occupy  a  great  portion  of  the 
counties  of  Caennailhen  and  Pembroke,  by  far  tlie  larger  part  of 
which  is  occupied  by  the  Llandeilo  flags,  while  the  upper  Llan- 
dovery rocks  only  occur  on  the  southern  border,  between  Langwm, 
Pembrokeshke,  and  Saint  Bride's  Bay. 

The  Coal  Meaenre  Series. — According  to  Mr.  Vivian's  Coal 
Commission  Report  in  the  South  Wales*  coal-field,  the  whole 
series  of  strata,  from  the  uppermost  Pellengare  beds  down  to 
the  millstone  grit,  is  from  10,000  to  12,000  feet  in  thickness, 
containing  about  80  seams  of  coal,  of  which  25  are  from  2  feet 
upwards,  with  an  aggregate  thickness  of  84  feet  of  workable  coal. 
In  the  eastern  part  of  the  coal-field  in  Monmouthshire,  according 
to  Mr.  Clai'ke  of  Dowlais,  Coal  Commission  Report,  the  coal- 
measure  series  has  a  thickness  of  11,650  feet,  consisting  of 
'*  Shales,  with  ironstones ;  sandstones,  including  the  Gower  series, 
and  coal-beds  of  which  there  are  about  25  more  than  2  feet  thick." 

The  coal-measm'es  are  thus  divided : — 

Upper  Pellengare  SerieSy  more  than  3,400  foet. 
Ftnnartt  Grit  Seriee  (Swansea),  3,246  feet. 
Lotver  Coal  Measures,  450  to  8d0  feet. 
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The  upper  series  are  thus  divided :  the  first,  consisting  of  shales 
and  sandstones,  down  to  the  MynyddysUwyn  coal;  the  second 
strata,  with  26  coal-seams,  down  to  the  Hughes  Vein,  9  of  the 
seams  being  over  2  feet  thick;  the  Pennant  Grit  series,  con- 
sisting of  hard  and  thick  bedded  sandstones,  &c.,  with  16  coal- 
seams,  6  of  which  are  over  2  feet  thick ;  the  Lower  coal-measures, 
consisting  principally  of  shales,  rich  in  ironstone  and  coal-seams, 
of  which  there  are  84  in  all,  8  of  which  exceed  2  feet  in 
thickness. 

The  character  of  the  coals  of  this  great  coal-field  vary  con- 
siderably in  their  chemical  composition,  as  will  be  shown.  The 
seams  occupying  the  north-east  side  of  the  basin  are  chiefly 
coking  or  partly  bituminous,  those  to  the  north-west  are  anthra- 
citic.  Again,  on  the  south  side  of  the  basin,  the  seams  are 
bituminous  or  gaseous,  while  the  seams  in  the  centre  of  the 
coal-field  are  known  as  semi-bituminous  or  steam  coals.  In  the 
Aberdare  area,  in  Glamorganshire,  the  seams  are  of  that  kind 
known  as  free  burning  and  smokeless,  hence  their  great  import- 
ance for  steam  purposes,  especially  the  Aberdare  "  Four  Feet  " 
steam  coal,  wliich  is  now  nearly  exhausted. 

Analyses  of  the  CoaL — Household,  general  manufacturing, 
and  colliery  coals  are  raised  in  the  eastern  part  of  the  coal-field 
from  the  Upper  and  Lower  Pennant  Grit  series.  In  the  neigh- 
bourhood of  Maesteg  the  lower  coal-measures  appear  at  a  com- 
paratively shallow  depth,  also  at  Carnarvon  to  the  west ;  further  to 
the  west  the  same  conditions  appear,  also  to  the  northern, 
southern,  and  western  edges  of  the  basin,  while  in  the  inner  area 
of  the  coal-field  the  Upper  Pennant  series  is  developed. 

From  the  Merthyr,  Taff  Vale,  and  Ehondda  Valleys  the  steam 
coal  is  principally  obtained  from  the  seams  in  the  Lower  coal- 
measures  ;  on  the  northern  outcrop,  from  Hirwain  to  Blaenavon, 
the  coal  raised  is  principally  employed  in  the  manufacture  of  iron 
at  the  several  works  in  the  limits  above  named. 

The  western  limits  of  the  coal-field  alone  produce  anthracite. 
''  As  a  mineral,  anthracite  occurs  massive  and  amorphous ;  has  a 
subconchoidal  fracture,  less  or  more  of  a  metallic  lustre,  of  a 
greyish-black  or  iron  colour ;  streak  unaltered,  conducts  electricity 
perfectly,  and  burns  with  a  very  weak  or  no  flame."  * 

•  Dr.  Page's  "  Economic  Geology/* 
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The  following  analyses  exhibit  generally  the  chemical  con- 
stituents of  some  of  the  principal  anthracite  coals  of  South 
Wales : — 


Diatrietg.                              Carbon.         .  Volatile  Matter. 

Ashes.          ' 

Neath  Abbey 

Swansea    .        .        .     . 

Ystalyfera 

Cwm  Neath       .        .     . 

91-08 
89-00 
92-46 
93-12 

501 
7-50 
6-04 
5-22 

4-00 
3-50 
1-50 
1-50 

This  variety  of  coal  is  also  largely  employed  in  the  hop-drymg 
and  malt  manufactures,  while  the  small  is  much  in  request  for  the 
burning  of  lime.  The  annexed  analysis  exhibits  the  ordinary 
composition  of  the  *'  Brass  Vein  "  of  the  CwmlljTifell  CoUiery  in 
Glamorganshire,  also  yielding  anthracite.  The  seam  is  4  feet 
thick,  and  takes  its  name  from  a  vein  of  pyrites  which  runs  through 
it ;  the  coal  in  its  immediate  vicinity  is  considered  by  the  colliers 
to  be  brighter,  harder,  and  purer  than  any  other  portion  of  the 
seam.  The  analyses,  side  by  side,  is  of  anthracite  from  the 
Bonville  Court  Colliery,  in  Pembrokeshire,  and  Gwendraeth,  in 
Caermarthenshire : — 


Constituents. 

Brass  Vela. 

Bonville  Court        Gwendraeth. 

Carbon      .        .        .     . 

Hydrogen 

Nitrogen   .        .        .     . 

Sulphur 

Oxygen     .... 

Ash        .... 

91-44 

3-46 

•21 

•79 

2^58 

1-52 

94-18 
2-99 
•76 
•59 
•50 
•98 

9217 
3-10 
1-08 
•34 
2-22 
109 

100-00               100-00               100-00 

The  respective  yield  of  coke  being  92  and  93  per  cent. 

The  coal-seams,  as  developed  in  the  Western  district  of  the 
coal-field  in  Pembrokeshire,  are  exclusively  of  the  anthracitic 
vaiiety.  The  same  may  be  said  generally  of  the  north  crop  of 
the  coal-field  east  of  Caermarthen,  while  the  south  crop  jdelds 
coal  of  a  bituminous  character,  the  centre  of  the  basin  yielding  a 
free  burning  coal. 

Beyond  the  above  the  annexed  analyses  gives  the  constituents 
of  the  following  well-known  seams  of  anthracite  in  South 
Wales : — 
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Constituents. 

CA£RUARTH£N. 

PEMBROKE. 

Pontyeats. 

1                                         , 

Big  Vein.     |  Timber  Vein.      Watneys.* 

1 

Carbon                       .     . 

Oxygen. 

Nitax>gen   .        . 

Hydrogen 

Smphur 

Afih        .... 

91-16 
2-74  ] 

-91    • 
3-11  ) 

•86 
M2 

88-7 

7-4 

•5 
3-4 

93-0 
1-67 

-54 
3-08 

-68 
1-03 

92-17 
2-22 
1-08 
310 
•34 
1-09 

99-90            100-0           100-00 

100-00 

The  valuable  qualities  of  anthracite  as  a  fuel  have  been  long 
known  and  appreciated.  Dr.  Frankland  who,  in  1850,  made  careful 
analyses  of  the  coal  obtained  in  the  neighbourhood  of  Saunders- 
foot;t  recognises  four  special  points  connected  with  anthracite 
which  especially  recommend  it  as  a  steam  coal.  These  are : — "  the 
high  evaporative  power;  the  very  small  quantity  of  sulphur 
which  it  contains,  and  its  entire  freedom  from  iron  pyrites 
(metallic  cinder) ;  the  small  amount  of  ash  and  clinker ;  and 
its  requiring  no  stoking,  and  the  entire  absence  of  smoke  during 
its  combustion ;  these  qualities,  it  may  be  further  observed,  are 
such  important  considerations,  that  although  there  are  several 
bituminous  coals  which  have,  according  to  the  Admiralty  experi- 
ments, nearly  the  same  evaporative  power  when  well  stoked,  yet, 
in  practice,  would  be  found  veiy  greatly  inferior  because  it  is 
impossible  to  get  the  stoker  to  take  the  requisite  trouble.  This 
coal,  however,  places  the  manufacturer  independent  as  it  were  of 
his  stokers,  who  even  by  the  most  careless  firing  could  scarcely 
perceptibly  reduce  its  evaporative  power." 

The  constant  increase  of  evaporative  power,  with  the  increase 
of  draught,  as  exhibited  in  the  following  experiments,  indicates 
that  a  still  higher  result  would  be  obtained  with  a  stronger  draught 
such  as  an  ordinary  steam  shaft  commands ;  but  this  is  by  no 
means  the  case  with  bituminous  coals,  which  frequently  give 
much  better  results  with  a  slow  than  with  a  quick  draught. 

The  following  gives  a  compai'ative  summary  of  the  chief 
characteristics  fitting  coal  for  the  mercantile  marine.  The  first 
in  the  list  is  an  anthracite   coal,  those  following  are  some  of 


*  Analysis,  by  Dr.  Lyon  Playfair. 

t  Beport,  printed  by  B.  Mason,  Tenby,  1850. 
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the  most  important  varieties  in  the  kingdom^  and  are  intended 
for  comparison  : — 


Name  of  Coal. 


Bonyille's 
Pentrefelin 
Dalkeith 
Wallsend,  Elgin 
Neath  Abbey 
Newcastle,  Hartley 
Original  Hartley    . 
Harwell's  WaUsend 
Cowpen  Hartley    . 
Pontyx)ool 


Pounds  of 
Water  evapo- 
rated by  one 
]>ound  of  Ccwil. 


9-39 
7-40 
7-10 
8-67 
9'6o 
8-65 
6-98 
7-85 
7-02 
8-04 


Cubic  feet 

occupied  by 

one  ton. 


41^29 
33^85 
44^98 
41^02 
37^77 
44^35 
46^62 
45-25 
46-76 
40-216 


Cohesive 

Pounds  of 

Power  of  Coal 

Clinkers 

(jier  centage 

per  ton  of 

of  large  coal). 

Coal. 

770 

7-2 

52-7 

230 

85-7 

62-2 

640 

14-6 

50-0 

19-2 

78-5 

170 

80-0 

10^1 

79-5 

9-8 

74-0 

3^7 

575 

20-9 

In  addition  to  these  advantages  are  the  economic  weight  (space 
occupied  by  one  ton),  and  great  cohesive  power  possessed,  which 
renders  it  a  very  valuable  fuel  for  sea-going  vessels,  whilst  its 
composition  and  general  freedom  from  iron  pyrites  furnish  a  fair 
guarantee  of  its  being  little  liable  to  spontaneous  combustion. 

Comparing  the  anthracite  with  other  coals  examined  and 
reported  upon  in  the  Admiralty  investigation,  the  annexed  table 
of  the  constituents  of  the  coals  previously  referred  to,  shows,  in  a 
remarkable  manner,  the  purity  of  the  anthracite  : — 


Name  of  Coal. 


Carbon,    j  Hydrogen.     Nitrogen.      Sulphur. 


Ash. 


Bonville's  Coal 
Pentrefelin . 
Pontypool 

Dalkeith  (Jewel  Seam) 
Wallsend  Elgin  . 
Neath  Abbey  . 
Newcastle  Hartley 
Original  Hartley 
Haswell  Steam  Wallsend 
Cowpen  Hartley 


94-16 
85-52 
80-70 
74-55 
76-09 
89-04 
81-82 
81.18 
83-76 
82-20 


2-99 
3-72 
5-66 
5-14 
5-22 
5-05 
5-50 
5-56 
5-31 
5-10 


•50 

•59 

trace 

•12 

1-35 

2-39 

•10 

•33 

1^41 

1^53 

1-07 

1^60 

1-28 

1-69 

-72 

1-44 

106 

1-21 

1-69 

•71 

•90 
600 
6-52 
437 
10^70 
3-55 
7-15 
308 
5-94 
2-33 


In  the  first  report  by  De  la  Beche  and  Playfair  on  the  coals 
suited  to  the  steam  navy  *  it  has  been  shown  that  the  true  prac- 
tical value  of  coals  for  steam  purposes  depends  upon  a  combination 
of  qualities  which  could  only  be  elicited  by  carefully  and  properly 


♦  See  *'  Memoirs  of  the  Geological  Survey,"  vol.  ii.,  part  2,  p.  658. 
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continued  experiments.     These  qualities^  so  far  as  regards  steam 
ships  of  war,  are  referred  to  as  follows : — 

1.  The  fuel  should  bum  so  that  steam  may  be  raised  in  a  short 

period,  if  this  be  desired ;  in  other  words,  it  should  be 
able  to  produce  a  quick  action. 

2.  It  should  possess  high  evaporative  power,  that  is,  be  capable 

of  converting  much  water  into  steam  with  a  small  consump- 
tion of  coal. 

3.  It  should  not  be  bituminous,  lest  so  much  smoke  be  generated 

as  to  betray  the  position  of  ships  of  war  when  it  is  desir- 
able that  this  should  be  concealed. 

4.  It  should  possess  considerable  cohesion  of  its  particles,  so 

that  it  may  not  be  broken  into  too  small  fragments  by  the 
constant  attrition  which  it  may  experience  in  the  vessel. 

5.  It  should  combine  aconsiderable  density, with  such  mechanical 

structure  that  it  may  easily  be  stowed  away  in  small  space ; 
a  condition,  which  in  coals  of  equal  evaporative  values, 
often  involves  a  diflference  of  more  than  20  per  cent. 

6.  It  should  be  free  from  any  considerable  quantity  of  sulphur 

and  should  not  progressively  decay,  both  of  which  circum- 
stances render  it  liable  to  spontaneous  combustion. 

Bituminous  coals  exhibit  several  varieties  adapted  to  special 
purposes,  known  commercially  as  steam  coal,  furnace  coal,  house- 
hold coal,  gas  coal,  and  coking  coal.  Those  suited  for  raising 
steam  are  usually  hard,  bum  open,  and  give  a  white  heat ;  for  the 
smelting  of  the  ores  of  iron  tho^e  free  from  sulphur  and  other 
impurities  are  selected.  A  good  household  coal  is  that  which 
bums  with  a  cheerful  flame  and  leaves  comparatively  little  ash. 
Gas  coals  are  those  which  yield  a  large  amount  of  dry,  inconden- 
sable gas,  and  coking  coal,  such  as  yield  a  hard,  dense,  crystallized 
coke,  capable  of  resisting  the  blast  in  the  furnace. 

The  annexed  are  analyses  of  some  of  the  principal  coals  wrought 

in  the  eastern  part  of  the  coal-fleld  in  Monmouthshire,  from  the 

Abercame,   Cwm  Tylery,   and    Bisca  collieries,   situated  near 

Newport,  and  the  Cwm  Ffrwd  coUiery  near  Pontypool.     These 

coals   are  in  good   demand  for  steam,  furnace,  and  domestic 

purposes : —    . 

o  2 
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MONMOtTTHSHIBE  COALS. 


Constituents. 


'  Charcoal 
I      Vein. 


Carbon  . 
Hydrogen . 
Nitrogen 
Sulphur     . 
Oxgen    . 
Ash  . 


81^26 
6-31 
•77 
1^86 
9-76 
2-04 


102-00 


Rock 
Vein. 


Black 
Vein. 


}Rock 
Vein. 


New  Black 
Vein. 


82-25 
5-84 
1^11 
1-22 
3-58  J 
6-00 


81-78 
4-73 

6-69 

6-80 


100-00 


10000 


75-15 
4-93 
1-07] 
2-85' 
504 

10-96 


I 


100-00 


83-68 
5-21 

8-87 

2-24 


10000 


Other  analyses  of  the  Black  Vein  steam  coal,  raised  at  Celynear 
Colliery,  near  Merthyr,  and  of  Merthyr  steam  coal,  show  the 
following  results : — 


Constituents. 

Black  Vein. 

MERTHYR. 

Coal. 

Coked  and  Dried. 

Carbon  .... 

Hydrogen .        .        .     . 

Sulphur 

Nitrogen   .        .        .     . 

Oxygen. 

Ash 

85-98 

4-70 

-59 

-90 

6-53 

2-30 

90-00 
4-37 
0-90 
0-51 
3-14 
1-08 

Coke.  87-92 
4-37 
0-90 
0-51 
4-88 
1-08 

100-00 

100-00 

99-66 

The  Black  Vein  coal  examined  by  Mr.  Thomas  Crowder,  F.C.S., 
of  Bristol,  is  described  as  igniting  readily  and  giving  an  intense 
heat,  with  a  bright  flame,  and  making  a  clean  fire ;  it  is  small^ 
without  washing,  yielding  a  coke  of  very  good  quality.  The 
practical  heating  power  of  the  coal  is  excellent;  one  pound  of  the 
coal  will  convert  nearly  14  lbs.  of  boiling  water  into  steam.  The 
analysis  of  the  Merthyr  coal  and  coke  was  made  by  Mr.  William 
A.  Miller. 

The  yield  of  coke  from  the  above  and  other  seams  of  the 
distiict  being : — 

PXa    CENT. 

Charcoal  Vein 68-40 

Bock  Vein 68-80 

Black  Vein 71-80 

Three-quarter  Rock  Vein 62-50 

New  Black  Vein 6800 

Bedwas     • 71-70 

EUeVein 70-00 

Nantygroes 65-60 

New  Bock  Vein 70-00 
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Of  the  Caermarthenshire  coals  a  few  eKamples  will  indicate 
generally  the  composition  of  the  seams  named,  the  coals  raised 
from  these  seams  being  employed  extensively  for  steam,  furnace, 
and  domestic  purposes  : — 

Caebmabthenshire  Coal. 


Constituents. 

Pump  Quart 
Seam. 

Fiery 
Vein. 

Fiery 
Vein. 

Llangennech. 

Carbon  .... 

Hydrogen .        .        .     . 

Nitrogen 

Sulphur             .        .    . 

Oxygen. 

Ash 

92-17 
3-10 
1-08 
•34 
2-22   ) 
1-09  J 

87-87 

3-93 

2-02 

•83 

7-04 

88-66 
4-63 
1.43 
■33 
1-03 
3-92 

85-46 
4-20 
1-07 
•29 
2*44 
6-54 

100-00 

101-69 

10000 

100-00 

These  and  other  coals  of  the  district  yield  coke  in  the  following 

proportion : — 

Fiery  Vein 79-80  per  cent. 

Llangennech 83-69        „ 

Bynea,  Fiery  Vein 88-10        „ 

Of  the  bituminous  coal  of  South  Wales  the  Mynyddysllwyn 
Seam,  in  the  Newport  district,  in  Monmouthshire,  has  obtained  the 
greatest  celebrity.  This  seam  may  now  be  said  to  be  all  but 
exhausted.  Of  the  free  burning  or  steam  coal,  in  the  Glamorgan- 
shire area,  the  seam  worked  by  the  Messrs.  Cory,  Yeo  and 
Company,  known  as  the  Graig  Merthyr,  or  "  Six  Feet  Vein,"  or 
"  Graigola  Vein  "  is  the  chief,  it  is  worked  extensively,  and  in  the 
coal  markets  far  and  wide  enjoys  a  deservedly  high  reputation, 
being  generally  regarded  as  the  best  steam  coal  of  the  district. 
The  seam  is  identified  with  the  Cwmclydach  Colliery,  and  locally 
known  as  the  "  Graigola  Seam,''  and  is  identical  with  the  Six 
Feet  Seam  on  the  north  crop  of  the  coal  basin.  The  composition 
of  this  and  other  veins  in  Glamorganshire  appears  as  follows : — 


ConstituentB. 


Carbon  . 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen: 

Aah  . 


Six.feet 
Beam. 


88-28 
4-24 
1-66 
•91 
1-66 
3-26 


Nino-feet 
Seam. 


Nixon's 
Merthyr. 


86-18 
4-31 
1-09 
•87 
2-21 
5-34 


100-00  I  10000 


90-27 
4-12 
•63 
1-20 
2-53 
1-26 


Birchgrove 

Thomas' 

Gmigola. 

Merthyr. 

84-26 

90-12 

4-16 

4-33 

•73 

1-00 

-86 

•86 

6*68 

2-02 

4-43 

1-68 

100-00   100-00 


100-00 
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The  specific  gravity  and  yield  of  coke  of  the  foregoing  and 
other  varieties  of  coal  of  this  district  are  shown  in  the  annexed 
table : — 


Coal  Seams. 

Specific  Gravity. 

Yield  of  Coke. 

Six-feet  Seam  .... 

1-31 

85-b3 

Nine- feet  Seam   .        .        .     . 

1-33 

86-54 

Nixon's  Merthyr 

1-31 

79-11 

Birohgrove  Graigola    .        .     . 

1-36 

85-10 

Thomas's  Merthyr    . 

1-30 

86-53 

Powell's  Duffryn          .        .     . 

1-326 

84-30 

Aberaman  Merthyr 

1-305 

85-00 

North  Ditffryn     .        .        .     . 

1-35 

82-25 

Gadly's  Nine-feet 

1-33 

86-54 

Gadly's  Four-feet         .         .     . 
Cwmbach  Four-feet 

1-32 

82-23 

1-31 

85-83 

Cwmbach  Six-feet        .         .     . 

1-31 

85-83 

In  reference  to  the  economy  of  coal  in  working  it  may  be  inte- 
resting to  refer  generally  to  the  point.  Writers  of  experience  say 
that  in  the  Gwendraeth  Valley  coals  "  break  out "  four-fifths  large, 
the  remainder  small,  while  the  bituminous  coal  of  the  neighboui- 
hood  of  Swansea  does  not  cut  out  more  than  one-fourth  large,  and 
some  not  even  this.  The  free  burning  coal  found  in  the  centre  of 
the  coal-field  from  Tyr  Cenol,  Morriston,  and  Swansea  Valley  on 
the  east,  through  Coalbrook  Colliery  to  Llanelly  on  the  west^  is 
of  this  character. 

In  South  Wales,  as  in  Durham,  coke  manufacture  is  carried 
out  on  an  extensive  scale.  In  the  Durham  district  the  ovens 
generally  employed  are  of  the  type  known  as  the  "  bee-hive,*' 
already  described,  but  some  modified  forms  are  now  being 
introduced.  In  South  Wales  the  form  of  oven  is  almost 
rectangular,  their  construction  giving  the  following  average 
dimensions  : — Width  at  the  front,  6  feet,  and  at  back,  5  feet ; 
length  of  oven,  14  feet,  and  the  height,  inside  to  crown  of  arch, 
5  feet.  These  ovens  are  generally  built  back  to  back,  with 
chimney  between  them,  and  several  have  side  and  bottom  flues. 

This  form  of  oven  is  charged  sometimes  at  the  door  and  some- 
times at  the  top.  The  usual  charge  is  4^  tons  for  the  first  three 
days  in  the  week,  and  for  the  remaining  four  days,  5  tons.  For 
the  coking  of  the  smaller  charge  72  hours  are  generally  allowed, 
and  96  hours  for  the  larger  charge.  The  charge,  which  consoli- 
dates upon  a  wrought-iron  bar  laid  along  the  length,  and  another 
transversely  to  it  at  the  back  of  the  oven,  is  drawn  by  means  of 
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a  windlass.  The  cooling  of  the  coke  is  sometimes  done  in  the 
oven  and  sometimes  after  the  coke  is  drawn.  At  some  works  the 
small  coal  is  washed  before  being  coked^  and  the  result  is  a  denser 
and  more  valuable  description  of  coke. 

With  respect  to  the  ordinaiy  "  Bee-hive  ovens,"  experience  has 
shown  that  the  coke  burnt  in  them  for  fewer  hours  was  inferior 
for  smelting  purposes  to  that  burnt  for  a  longer  period,  owing 
to  its  not  being  so  easily  oxidised  ;  the  more  intense  combustion 
of  the  purer  carbon  and  its  greater  density  fitting  it  more 
thoroughly  for  its  work.  The  usual  time  occupied  in  burning 
is  from  72  to  96  hours. 

By  the  Belgium  process  of  Coppee  the  coke  is  made  in  about 
24  hours  ;  this  system  is  in  operation  at  the  works  of  the  Ebbw 
Vale  Company,  where  they  were  erected  in  the  year  1874.  The 
Coppee  ovens  are  usually  constructed  in  batches  of  80  each,  and 
were  designed  for  coking  only  finely  divided  coal,  such  as  is 
produced  by  crushing  coal  in  a  disintegrator.  The  chief  advan- 
tages claimed  by  the  system  are  rapidity  of  coking,  largely 
increased  yield  (which  is  considered  to  be  the  most  important 
advantage),  and  better  coke.  The  chief  characteristics  of  the 
"  Coppee  oven "  are, — ^a  small  width  and  an  arrangement  of 
channels  especially  suited  for  poor  coals ;  a  combustion  of  gas 
by  a  double  admission  of  air,  which  entirely  suppresses  the 
smoke  ;  the  combination  of  all  the  hot  gases  in  a  large  conduit 
beneath  the  ovens  and  their  utilization  for  heating  boilers ;  and 
galleries  for  cooling  and  preserving  the  brickwork.*  The  mode  of 
working  at  Ebbw  Yale  is  thus  described.  The  small  coal  is  first 
washed  to  free  it  from  intermixed  shale,  and  then  crushed  in  a 
Carr's  disintegrator.  It  is  next  lifted  by  suitable  machinery  into 
a  large  cast-iron  bin  (capable  of  holding  about  200  tons  of  crushed 
coal,)  the  bottom  of  which  is  sufficiently  high  above  the  tops  of 
the  ovens  to  allow  the  trams  to  run  under  it.  When  filled,  the 
trams  are  pushed  by  hand  along  to  the  top  of  the  oven  for  which 
the  charge  is  intended ;  the  previous  charge  not  having  yet  been 
withdrawn.  The  front  and  back  doors  of  the  oven  are  now 
opened  and  the  mass  of  coke,  80  feet  long,  8  feet  high,  and 
16  inches  thick,  is  pushed  out  of  the  oven.  This  is  effected 
by  a  ram,  the  face  of  which  presses  against  the  coke.     This  face 

•  For  details  of  the  Coppee  Oven,  see  Dr.  Percy's  **  MetaUurgy,"  Fuel,  p.  546. 
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is  a  little  smaller  than  the  cross-sectional  area  of  the  oven,  and 
is  fixed  to  the  end  of  an  iron  girder,  somewhat  longer  than  the 
oven,  and  having  a  rack  on  its  upper  surface  worked  by  a  pinion. 
The  whole  is  set  upon  an  iron  frame,  together  with  a  small  engine 
and  boiler,  and  the  frame  is  mounted  on  wheels,  rails  being  laid 
down  in  front  of  the  ovens  from  end  to  end  of  the  batch.  The 
machine  can  be  brought  opposite  each  oven  in  turn.  The  ram 
having  pushed  the  coke  out  of  the  oven  is  then  drawn  back  as 
quickly  as  possible  and  the  lower  doors  are  closed.  The  oven  is 
then  immediately  charged  through  three  openings  in  the  top  by 
drawing  out  the  slides  in  the  bottom  of  the  trams,  and  the  coal  is 
levelled  by  two  men  by  means  of  rakes,  which  are  introduced 
through  the  upper  doors  at  each  end  of  the  oven  and  reach  to  its 
centre.  The  upper  doors  are  then  closed,  and  together  with  the 
lower  doors,  carefully  luted  to  prevent  access  of  air  to  the  coal ; 
carbonization  immediately  commences  owing  to  the  heat  of  the 
oven  and  to  the  circxilation  of  the  heated  products  from  the 
adjacent  ovens  through  the  contiguous  flues. 

The  process  of  emptying  and  refilling  the  oven  as  above 
described  need  not  occupy  more  than  eight  minutes.  The  coke 
is  quenched  immediately  after  leaving  the  oven  ;  to  facilitate  this 
operation  the  mass  of  coke  which  is  pushed  out  of  the  oven  is 
divided  vertically  and  longitudinally  into  two  equal  parts  by 
means  of  a  drag.  This  separation  is  easily  effected,  since  car- 
bonization takes  place  from  the  two  sides  towards  the  centre, 
whereby  a  vertical  plane,  similar  to  a  plane  of  cleavage,  is  formed 
through  the  centre  of  the  mass  of  coke.*  The  ovens  are  num- 
bered consecutively  ;  the  odd  numbers  are  emptied  and  recharged 
in  the  morning  and  the  even  numbers  in  the  afternoon,  six  days 
a  week.  Six  charges  are  thus  coked  in  each  oven  per  week,  each 
charge  yielding  about  two  tons  of  coke.  The  steam  required  for 
the  coal-washing  machine  and  for  the  disintegrator  is  generated 
by  the  waste  heat  of  the  ovens.  An  examination  of  the  coke 
prepared  by  the  Coppee  system  gives  as  much  as  6  per  cent,  of 
water,  a  point  of  considerable  importance  in  estimating  the  }aeld, 
which  on  a  large  scale,  with  coal  containing  20  per  cent,  of  shale, 
gives  62*5  per  cent,  of  coke.     It  is  remarked,  that  although  the 

♦  An  explanation  of  thia  curious  result  is  giren  in  Dr.  Percy's  "  Metallui^," 
Fuel,  in  the  remarks  upon  experiments  on  the  formation  of  coke  in  the  Appolt  oven, 
p.  451. 
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coke  made  in  the  Copp&'s  ovens  is  doubtiess  sufficiently  firm  to 
withstand  the  weight  of  the  overlying  mass  in  the  blast  furnace, 
yet  tlie  large  quantity  of  water  contained  in  it,  unless  it  be 
quenched  with  more  than  ordinary  care,  is  a  serious  drawback  to 
its  use  in  such  furnaces. 

Mr.  Emerson  Bainbridge,  who  has  gone  ver)*^  fully  into  the 
respective  merits  of  the  "Beehive"  and  "Coppee"  sj'stems  of 
coke  manufacture,  has  prepared  the  following  summary  of  the 
chief  points  of  comparison,  which  exhibit  some  interesting 
features  : — * 


B<*ehlve. 


Copi>^e. 


First  cost  per  2  tons  of  coke  per  day 
Time  of  burning  .  .  . 
Area  per  ton  of  coke  daily 
Per  cent,  of  yield 
Outside  cooling  surface  per  2  tons 
Tinae  in  emptying  and  refiUing 
Units  of  heat  iu  waste  gases  per  oven 
Labour  charge  per  ton        .        .     . 


£119  7«. 

48  to  120  hours 

1,218  sq.  ft. 

45  per  cent. 

1,002  sq.  ft. 

60  minutes 

966,710 

1«.  '3d, 


£100 

24  hours 

234  sq.  ft. 

69  per  cent. 

175  sq.  ft. 

8  minutes 

1,401,584 

lid. 


The  coke  manufactured  in  the  ordinary  way  in  South  Wales, 
although  exceedingly  hard  and  dense,  does  not  appear  to  have 
attained  all  the  economical  results  possible ;  experience  has 
shown  that  the  carbonization  of  the  coal  is  not  complete,  the 
long,  deep  fissures  in  the  coke  thus  manufactured  exhibiting, 
on  examination,  a  considerable  amount  of  dark  carbonaceous 
matter  not  carbonized. 

A  new  system  of  manufacture  recently  introduced  by  the 
Ynysawdre  Coal  Company,  at  their  works  near  Bridgend  in  Gla- 
morganshire, which  promises  very  satisfactory  results,  is  thus 
described: — The  coal  is,  in  the  first  instance,  reduced  to  a 
state  of  powder,  being  crushed  by  suitable  apparatus ;  it  is  then 
subjected  to  a  careful  washing  by  which  the  sulphur  is  removed. 
It  is  now  dried,  and  subsequently  in  this  state  charged  in  the 
oven  and  treated  in  the  ordinary  way.  The  increased  value  of 
coke  made  in  this  manner  is  considerable.  Towards  the  close 
of  the  year  1879  when  coke  in  South  Wales  averaged  about 
7«.  6d.  per  ton  at  the  place  of  production,  coke  of  the  quality 
above  referred  to  commanded  an  increased  price  of  Ss,  per  ton, 
or  10^.  6d.  per  ton,  compared  with  the  price  of  coke  made  in  the 

•  "  Ure*8  Dictionary  of  Arts,  Manufactures,  and  Mines,"  vol.  iv.,  p.  262. 
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ordinary  wa}'.  Since  the  date  referred  to  the  demand  for  coke 
has  greatly  increased,  and  prices  have  also  risen. 

The  waste  of  valuable  products  in  the  manufacture  of  coke  has 
received  considerable  attention.  Dr.  Angus  Smith,  in  his  report 
for  the  j'^ears  1877  arid  1878  as  inspector  under  "  The  Alkali  Act," 
calls  attention  to  some  important  facts  : — In  the  combustion  of 
ever}'  ton  of  coal  made  into  coke  20  lbs.  of  ammonia  are  given  off 
and  allowed  to  go  to  waste.  The  products  of  distillation  of  coal 
are  daily  becoming  more  valuable,  and  the  amount  of  ammonia 
and  tar  destroyed  in  manufacturing  coke  is  very  great,  equal  to 
86,000  tons  of  the  first  from  15,000,000  tons  of  coal,  used  in  the 
j-ear  1876,  for  iron  only.  Or  139,764  tons  of  sulphate  of  ammonia, 
which  is  sometimes  worth  £20  per  ton,  or  £2,795,280,  a  sum 
which  is  certainly  enormous.  In  addition  to  this,  the  tar  allowed 
to  go  to  waste  in  the  same  way,  amounts  to  half  that  sum,  which 
swells  the  annual  loss  to  the  enormous  sum  of  more  than  three 
and  a  haK  millions  sterling.  The  loss  does  not  stop  here ;  for 
as  Dr.  A.  Smith  proceeds  to  show,  ammonia  being  a  valuable 
fertilizing  substance,  it  follows  that  if  the  amount  wasted,  as 
above  noted,  were  saved  and  properly  applied  the  yield  would  be 
much  increased. 

Dr.  Angus  Smith  *  gives  in  his  last  report  an  interesting  and 
detailed  account  of  the  manufacture  of  coke  at  Besseges,  in 
France,  where  coke-burning  is  practised  on  a  very  extensive 
scale,  and  the  gases  evolved  in  the  process  utilized,  showing 
that  the  saving  of  these  valuable  elements  is  practicable.  He 
further  adds  that  "if  it  were  found  convenient  to  adopt  for  this 
country  the  Besseges  method  of  making  coke,  the  makers  of  it 
would  obtain  a  gross  income  &om  the  sulphate  of  ammonia  and 
tar  of  dEl, 680,000;  taking  the  amount  of  coal  made  into  coke 
to  be  equal  to  fifteen  million  tons  per  annum  and  taking  the 
Besseges  calculation  of  expense.  This  is  about  2s.  4d.  per 
ton  for  every  ton  of  coal,  with  the  tar,  which  is  nearly  the 
half,  or  £876,000." 

In  an  agricultural  point  of  view  the  advantages  to  be  secured 
are  of  vast  importance,  as  shown  by  Dr.  A.  Smith,  who  conclu- 
sively shows  that  if  the  amount  of  the  valuable  products  wasted 
were  properly  applied,  it  would  yield  an  increase  of  crops  equal 

*  Fourteenth  and  Fifteenth  Annual  Reports  of  the  Inspector.     Alkali  Acts. 
Manufacture  of  Coke,  p.  48.    Translated  from  the  French  by  F.  Tourget. 
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to  eight  million  pounds  sterling  at  least.  Beyond  this  the 
valuable  and  beautiful  products  from  tar  have  a  great  effect 
on  many  of  the  arts. 

In  Besseges  the  gas  is  used  for  heating  the  coal ;  if  this  gas 
were  saved  for  burning,  a  little  more  coal  would  be  required,  but 
gas  may  be  sold  at  a  much  higher  price  than  coal.  If,  then,  the 
Besseges  method  were  connected  with  gas-making  we  should  have 
an  enormous  amount  of  saving,  besides  the  amount  of  gain,  and 
I  scarcely  dare  to  venture  further  in  the  calculations,  but  it 
is  certain  that  some  millions  more  must  be  added  to  the  already 
large  sum. 

Production  of  the  Coal-fleld. — The  data  existing  on  this 
subject  before  the  present  century  is  scanty  and  incomplete, 
the  only  reliable  statistics  met  with  being  a  return  showing  the 
quantity  of  coal  brought  into  the  port  of  London  from  the 
South  Wales  coal-field  in  each  of  the  years  between  1745  and 
1765,*  of  which  the  annexed  statement  is  a  simimary  : — 


Year. 


1745 
1746 
1747 
1748 
1749 
1750 
1751 
1753 
1754 
1755 


Quantity. 

Year. 

Qimntfty. 

Tons. 

1 

Tons, 

1,857 

1756 

3,726 

1,636 

1757 

4,310 

2,655 

1758 

2,289 

1,935 

1759 

1,950 

1          2,859 

1760 

3,422 

2,596 

1         1761 

2,774 

2,467 

1762 

2,865 

2,973 

1763 

4,400 

3,862 

1764 

3,373 

2,827 

1765 

4,003 

The  principal  ports  of  shipment  in  South  Wales  at  this 
period  were  Milford,  Tenby,  Haverfordwest  and  Caermarthen, 
from  whence  the  great  bulk  was  shipped ;  while  from  Swansea, 
Neath  and  Llanelly,  during  the  whole  period,  the  shipments 
did  not  exceed  in  the  aggregate  1,800  tons. 

Although  much  information  exists  showing  the  distribution  of 
coal  sent  coast- wise  and  exported  half  a  century  since,  yet  returns 
of  production  are  wanting.  Not  until  the  year  1854,  when  the 
**  Mineral  Statistics,"  including  the  yield  of  our  coal-fields  and 
make  of  pig-iron  was  published,  does  any  reliable  information 
appear.    In  the  volume  referred  to,  the  output  of  the  collieries  of 

*  Coal  Commisrion  Beporty  toI.  iii.,  Statistics,  p.  22. 
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the  South  Wales  Coal-field  is  given  as  8,500,000  tons,  of  which 
quantity  1,000,000  tons  was  anthracite  and  7,500,000  bituminous 
and  free-burning  coal.  From  1855  till  the  year  1859  the  returns 
of  production  were  as  follows,  distinguishing  the  anthracite  from 
the  bituminous  coal,  and  to  this  is  appended  the  number  of 
collieries  in  the  South  Wales  Coal-field  in  each  of  those  years, 
including  the  output  of  the  Monmouthshire  collieries,  which  in 
later  years  are  separately  given : — 


,      Year. 

1 

Collieries.  ' 

Anthracite. 

Bituniinium. 

Total,  South  Wales. 

N08. 

Tons. 

Tons. 

Tons. 

1855 

245 

997,500 

7,552,770 

8,550,270 

1856 

304 

964,500 

7,954,600 

8,919,100 

1857 

325 

960,500 

6,171,804 

7,132,304 

1858 

352 

737,590 

6,757,699 

7,495,289 

1859 

388 

800,000 

8,800,350 

9,600,350 

The  total  production  of  coal  in  the  United  Kingdom  in  the 
year  1855  was  64,458,079  tons,  increased  in  the  year  1859  to 
71,979,765  tons,  showing  an  increase  in  five  years  of  7,526,686 
tons. 

Later  returns  distinguish  the  output  of  the  collieries  in  Mon- 
mouthshire from  those  situated  in  the  rest  of  the  coal-field,  and 
throw  considerable  light  on  the  coal  resources  of  the  district. 
Thus,  in  the  following  years,  the  production  increased  as 
under :  * — 


Di>i8ions  of  Coal-Held. 

I860. 

1801. 

1862. 

Tons. 

Tons. 

Tons.            1 

MomnouthBhire     . 

3,800,750 

4,650,000 

' 

t 

Glamorgansliire,  Eastern 
Edge      •        .        .    . 

• 

200,000 

325,000 

4 

3,750,000      ' 

1 

Olamorgansktre — 

Aberdare  District 

1,754,813 

1,790,771 

2,214,455 

Merth3rr  District .     . 

850,000 

925,000 

975,000 

South  Crop,  &c. 

1,800,000 

1,875,000 

2,100,000 

PembrokeRhire  .        .     . 
Oarmarthenshire    . 

Total    . 

1,850,000 
10,255,563 

2,100,000 

1,250,000      1 

9,665,771           10,289,455 

Following  the  course  of  production,  there  appears  some  in- 
teresting detailed  statements  for  the  next  three  years  of  the 
output  in  the  following  districts,  in  which  the  quantities  raised 

*  Coal  Commission  Bepoit,  voL  iii.,  p.  132. 
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in  Monmouthshire  are  separately  given.  Thus,  in  the  year  1863, 
Monmouthshire  contributed  4,075,000  tons,  the  rest  of  the  South 
Wales  Coal-field,  6,917,081  tons ;  of  which  latter  quantity  the 
annexed  statement  gives  the  quantities,  the  first  four  items  being 
the  respective  returns  of  parishes  in  Glamorganshire : — 

DISTRICTS.  TONS. 

Merthyr  (Parish) 812,778 

Oelligaer     „             639,055 

Aberdare     „ 2,148,960 

Llanwonno,,              293,288 

Bhondda  Yalley 328,000 

Lower  end  of  Taff  Yale  and  Llantwit  Yardre     .        .     .  141,000 

South  Outcrop  to  Neath 655,000 

Neath  and  Yale  of  Neath 305,000 

Swansea  and  Swansea  Yalley 517,000 

Glyncorrwg 36,000 

PembTokesnire  and  Gaermarthenahire    •        .        .        .  1,041,000 

6,917,081 
Monmouthshire ,    4,075,000 

Total  of  South  Wales  Ooal-field        .        .  10,992,081 


Passing  to  subsequent  years,  the  annexed  summary  displays 
the  number  of  collieries  and  the  output  of  coal : — 


Year. 

SOUTH  WALES. 

1                  MONMOUTHSHIRE. 

1 

Total. 

Collieries. 

Coal. 

;  ColUeries. 

i             Coal. 

Not*. 

Toiw. 

Nos. 

T0U8. 

Tons. 

1864 

316 

6,948,000 

102 

4,028,500 

10,976,500 

1865 

322 

8,531,336 

104 

4,125,000 

12,656,336 

1866 

332 

9,376,443 

100 

4,445,000 

13,821,443 

1867 

329 

9,092,300 

92 

4,659,500 

13,751,800 

1868 

298 

8,959,500 

92 

4,250,500 

13,219,000 

1869 

315 

9,179,650 

73 

4,275,150 

13,454,800 

1870 

328 

9,299,770 

75 

4,364,342 

13,664,112 

1871 

299 

9,120,000 

74 

4,915,525 

14,035,625 

1872 

284 

10,131,000 

85 

• 

•  •  • 

•  «  • 

1873 

423 

9,841,523 

list 

4,500,000 

14,341,523 

1874 

371 

10,184,885 

119t 

5,038,820 

15,223,705 

1875 

415 

10,632.597 

91 

3,525,975 

14,158,572 

1876 

400 

11.973,336 

134t 

4,499,985 

16,473,321 

1877 

325 

12,634,335 

116 

4,350,785 

16,885,120 

1878 

329 

12,926,225 

131 

4,490,290 

17,416,515 

1879 

325 

13,126,397 

129 

4,640,340 

17,766,737 

1880t 

370 

16,126,031 

166 

5,039,549 

21,165,580 

*  Including  the  output  of  those  colUeries  in  Brecknockshiie  and  on  the  edge  of 
Glamorganshire, 
t  Included  in  another  district.        t  Reports  H.  M.  Inspectors  of  Mines,  1880. 
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This  will  be  a  fitting  place  to  note  the  development  of  the 
South  Wales  Coal-field,  as  shown  in  the  parish  returns,  com- 
piled annually  by  the  parochial  authorities  for  purposes  of  as- 
sessment, in  Glamorganshire.  These  returns  form  but  a  part 
of  the  coal  raised,  but  the  steady  increase  appearing  year  after 
year  is  a  good  index  to  the  output  of  the  collieries.  Formerly 
returns  were  published  by  five  parishes,  but  the  annexed  schedule 
shows  the  annual  yield  in  the  parishes  named  (in  tons  of 
2,520  lbs.  each) :— 


Year. 

Aberdare. 

Gelligaer. 

Llanwonno. 

Ystradyfodwg. 

Tons. 

Tons. 

Tons. 

Tons. 

1844 

176,953 

•  •  • 

11,830 

•  •  • 

1847 

269,116 

•  •  • 

44,500 

•  •  • 

1850 

477,208 

•  •  • 

42,880 

•  •  • 

1855 

1,203,847 

•  •  « 

99,873 

•  •  • 

1860 

1,764,813 

716,156 

110,220 

■  »  • 

1862 

2,214,455 

591,468 

289,820 

•  •  ■ 

1864 

2,048,472 

764,521 

•  •  • 

428,489 

1866 

2,185,571 

866,895 

395,091 

649,828 

1868 

2,053,509 

807,424 

361.921 

981,787 

1870 

2,070,920 

909,911 

415,536 

1,332,059 

1871 

1,836,954 

962,946 

346,825 

1,325,037 

1872 

2,013,718 

1,067,959 

395,594 

1,555,853 

1873 

2,054,879 

1,078,347 

425,731 

1,940,566 

1874 

1,963,141 

1,227,477 

436,081 

1,947,936 

1875 

1,612,428 

916,695 

336,463 

1,951,606 

1876 

1,832,981 

1,333,819 

436,177 

2,370,359 

1877 

1,645,906 

1,284,489 

533,425 

2,492,867 

1878 

1,653,157 

1,234,653 

790,645 

2,922,234 

1879 

1,682.033 

1,268,429 

969,551 

3,019,568 

1880 

1 

1,832,002 

1,388,620 

1,231,573 

3,647,239      | 

Begarding  the  great  depths  from  which  coal  is  now  won  in 
South  Wales,  some  interesting  particulars  on  the  subject  of 
deep  winning,  in  connection  with  the  Harris  Navigation  pits, 
situated  near  Quaker's  Yard,  Glamorganshire,  the  deepest  in 
the  district,  have  recently  appeared,  by  Messrs.  Thomas  Forster 
Brown  and  George  Frederick  Adams,  MM.  Inst.  C.E.,  who  are 
professionally  connected  with  the  operations.* 

"  The  depth  of  the  lowest  seam  at  present  sunk  to  was  760 
yards ;  the  pits  were  each  17  feet  in  diameter  inside  the  walling. 
In  addition  to  the  depth,  a  special  feature  was  the  thickness  of 
hard  and  heavily-watered  rock  penetrated.     Guide  ropes,  upon 


Pftpcr  read  at  the  Institute  of  Civil  Engineers  on  the  18th  of  January,  1881. 
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the  Galloway  principle,  were  used  in  sinking,  and  the  value  of 
this  system  was  shown  ii;  the  saving  of  over  two  minutes  in 
steadying  the  howk  at  the  bottom  of  the  pit  at  depths  of  475  and 
580  yards,  the  total  time  occupied  in  clearance  at  the  latter  depth 
being  three  minutes  twenty-six  seconds.  The  method  of  dealing 
with  the  various  feeders  of  water  during  sinking  was  described: 
one  of  the  pits  was  drained  by  a  hole  bored  by  the  diamond 
machine,  which  was  put  down,  at  a  depth  of  175  yards  from  the 
surface,  for  a  farther  depth  of  860  feet.  Where  "the  strata  were 
conformable,  and  cut  up  by  faults  which  intersected  all  the 
measures,  considerable  objection  existed  to  metal  tubbing,  even 
for  comparatively  shallow  depths ;  for  the  water  could  rarely 
be  prevented  from  forcing  its  way  through  fissures  into  the  under- 
lying strata.  Moreover,  provision  had  to  be  made  for  the  probable 
working  of  the  Brithdir  seam,  a  very  watery  measure,  lying  at  a 
depth  of  250  yards.  On  account  of  these  and  other  circumstances, 
it  was  ultimately  decided  to  provide  for  the  permanent  pumping 
of  all  the  feeders,  and  a  powerful  100  inch  Cornish  pumping 
engine  was  erected.  The  parallel  motion  for  the  main  pump  rods 
was  obtained  by  a  gudgeon,  attached  to  the  top  rods  carrying  two 
slide  blocks,  which  worked  in  cast-iron  guides  18  feet  long  and 
27  inches  wide.  This  gudgeon  was  attached  to  th'e  beam  by  two 
hammered  iron  radius-rods,  48  feet  long,  10  inches  wide,  and 
tapering  from  8  inches  thick  at  the  top  and  bottom  to  1^  inch  at 
the  middle.  The  space  between  the  rods  was  filled  with  pitch 
pine  12  inches  thick  at  the  top  and  bottom  and  18  inches  wide  in 
the  middle.  Five  lifts,  three  of  which  were  26  inches  in  diameter, 
and  the  others  22  inches  and  21^  inches,  were  worked  by  the 
Cornish  engine.  The  total  feeders  amounted  to  440  gallons,  of 
which  298  were  pumped  from  a  depth  of  467  yards.  The  rods 
were  double,  of  pitch  pine,  16  inches  square.  To  economise 
space  in  the  pit,  the  lifts  were  fixed  in  one  perpendicular  line ;  to 
effect  this  the  rods  directly  above  the  plunger  and  the  rods  below 
were  connected  by  side-rods  and  distance  pieces ;  the  horizontal 
connecting  pipe  of  the  H -piece  being  cast  semi-circular  to  allow 
the  rods  to  pass  down  in  a  straight  line.  The  total  weight  of 
rods,  &c.,  amounted  to  181^  tons,  that  of  the  water  being 
188  tons ;  35  tons  of  the  difference  were  counterbalanced  by  a 
balance  beam  in  the  pit,  leaving  18^  tons  to  overcome  friction. 
*'  A  large  diamond  boring  machine  was  used  for  a  portion  of  the 
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sinking.  The  apparatus  weighed  10  tons,  and  consisted  of  four 
beams,  or  transoms,  fixed  to  a  centre  piece ;  on  the  transoms 
were  placed  the  drills — ^ten  in  number — ^which  could  be  moved  to 
any  part  of,  or  inclined  to  any  angle  parallel  with,  the  face  of  the 
transoms,  and  each  drill  could  be  started  or  stopped  singly.  In 
making  the  first  trials,  thirty  to  forty  short  holes,  at  varying 
angles,  and  from  3  feet  to  5  feet  in  depth,  were  bored,  the  opera- 
tion requiring  twelve  to  fourteen  hours.  Nearly  one-half  of  this 
time  was  occupied  in  jacking  the  machine  for  the  various  positions 
required  to  bore  the  sumping  holes,  bench  holes  to  sump,  and 
finally  the  cropping  holes.  Long  holes  from  15  feet  to  30  feet  in 
depth  were  subsequently  tried,  and  blasted  in  sections ;  but  having 
to  be  bored  vertically,  so  as  not  to  pass  out  of  the  line  of  the 
shaft,  they  had  not  always  the  most  effectual  lifting  power.  Better 
progress  was  made  with  single  drills,  but  the  cost  of  diamonds 
became  too  great  for  the  frequent  holes  and  changes,  and  the 
contracting  company  completed  their  contract  by  means  of  a 
percussive  drill,  designed  by  Colonel  Beaumont.  '  IngersoU  * 
drills  were  afterwards  used ;  these  had  a  diameter  of  3 J  inches, 
and  a  stroke  of  4  J  inches,  and  gave  excellent  results ;  the  only 
difficulty  experienced  being  in  the  wear  and  tear  of  the  tappets, 
which,  when  they  broke,  generally  caused  damage  in  the  cylinder. 

'*  In  hai'd  and  wet  rock  dynamite  was  found  to  be  a  much  more 
effective  explosive  than  gunpowder,  requiring  about  half  the 
number  of  holes,  and  saving  tamping.  In  shale,  without  water, 
powder  was  more  effective,  dynamite  being  more  rapid  in  its 
action.  In  sinking  through  three  yards  of  dry  Pennant  rock, 
the  cost  of  powder  and  dynamite  was,  respectively,  £12  Is.  3d. 
and  £10  U.  8d. 

"  Under  the  circumstances  which  attended  this  sinking  in  hard 
and  wet  rocks,  8  yards  were  considered  good  progress  by  hand, 
and  4i  yards  by  machine  per  week ;  but  the  authors  were  of 
opinion  that  tliis  rate  ought  to  be  improved  upon  with  further 
experience ;  they  had  also  arrived  at  the  conclusion  that  the  cost 
of  sinking  by  machine  was  less  than  by  hand  labour.  The  average 
rate  of  sinking,  including  walling,  but  exclusive  of  stoppages, 
was  877  yards  per  week,  there  being  nearly  an  equal  per  centage 
of  hard  rock  and  shale :  the  actual  sinking  occupied  about  one- 
half  the  total  time,  and  walling  12  per  cent.  The  south  pit, 
which  was  the  deeper  of  the  two,  was  commenced  in  February, 
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1878,  and  finished  in  February,  1879.  The  average  cost  per 
yard  of  sinking  in  shale  by  hand  and  without  pumps,  near  the 
bottom  of  the  shaft,  was  £11 19^.  6r8d.;  with  pumps,  £18  28. 8*9(2. ; 
in  hard  Pennant  rock  by  hand  without  pumps  it  was  £40  8^.  6*4(2. ; 
with  pumps,  £44  18«.  2*9(2.  In  Pennant  rock  with  ptunps  and 
three  drills  the  cost  was  £34  Ss.  The  cost  of  the  18-inch  walling 
without  pumps,  including  the.  proportion  of  iron  curbs,  came  to 
£11  7«.  lOd.  per  yard  in  depth,  or  £1  8«.  10c2.  per  cubic  yard ; 
with  pumps,  to  £1  7a.  5(2.  per  cubic  yard.  These  averages  in- 
cluded all  labour,  stores,  coal,  &c.'' 

Messrs.  Brown  and  Adams,  in  referring  to  the  question  of 
ventilation,  aUude  to  a  furnace  as  being  probably  the  most  effec- 
tilve  means  at  great  depths ;  but  leaving  this  question  for  future 
consideration,  they  had  meantime  erected  a  Schiele  Fan  fourteen 
feet  three  inches  in  diameter,  and  capable  of  producing  a  current 
of  about  260,000  cubic  feet  per  minute.  This  had  been  done 
after  a  series  of  experiments  in  various  districts.  They  further 
urge  objections  to  the  positive  type  ventilators,  viz.,  that  in  the 
event  of  obstructions  occurring  in  the  air  ways,  undue  pressure 
might  be  applied  to  separation  doors,  air  crossings,  &c. ;  besides 
which,  they  caused  a  vibratory  motion,  were  costiy  to  erect,  and 
the  working  parts  were  in  some  cases  Uable  to  get  out  of  repair. 
Of  the  closed  fans,  which  it  was  stated  gave  slightly  better  results 
than  open  fans,  the  Guibal  and  Schiele  were  the  best. 

The  winding  engine  in  course  of  construction  is  designed  to 
raise  2,000  tons  of  coal  in  10  hours  of  constant  drawing ;  the 
weight,  exclusive  of  the  rope,  being  10|  tons,  and  the  velocity  of 
the  ascending  cage  40  to  46  feet  per  second.  The  scroll  drum, 
with  a  smaller  diameter  of  18  feet,  rising  by  fourteen  coils  to 
82  feet,  was  considered  the  best  method  of  counterbalancing  the 
rope.  The  cylinders  were  4  feet  6  inches  in  diameter,  with  7  feet 
stroke ;  they  were  inverted  and  placed  on  cast-iron  supports,  the 
drum  being  fixed  below  on  masonry  pillars.  The  valves  were 
double  beat;  and  for  the  steam  valves  Barclay's  simple  trip 
expansion  gear  was  used.  The  rope  was  a  parallel  flat  rope  of 
the  beat  selected  steel,  and  consisted  of  114  No.  11  gauge  wires. 
The  calculated  breaking  strain  was  104  tons,  and  the  factor  of 
safety  was  nine. 

The  pit  frame  is  described  as  constructed  entirely  of  wrought- 
iron;  arrangements  being  also  introduced  for  loading  and  un- 
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loading  a  single  decked  cage  by  gravitation  of  tubs.  The  empty 
trams  were  hoisted  about  six  feet,  and  made  to  run  down  an 
inclined  way  to  the  cage,  being  stopped  and  relieved  by  a  system 
of  catches,  the  cage  being  so  arranged  that  on  landing  on  the 
steps  the  bottom  was  inclined.  In  the  above  deep  winning,  at 
the  Harris  Navigation  Fits,  the  deepest  in  the  district,  the  shaft 
pillar  is  described  as  having  an  area  of  400  yards  square. 

Bistaribation  of  Coal. — In  the  eastern  part  of  the  South  Wales 
coal-field  Newport  and  Cardiff  are  the  ports  'of  shipment.  New- 
port is  situated  on  the  river  Usk,  and  this  part  of  the  coal-field 
is  traversed  and  Newport  is  connected  with  the  Great  Western, 
Eastern  Valleys,  Western  Valleys,  and  Newport  and  Brecon 
Bailways,  affording  ample  facilities  for  the  distribution  of  coal. 
The  dock  accommodation  is  considerable;  the  docks  have  an 
area  of  nearly  twelve  acres,  and  were  opened  in  the  year  1858. 
More  recently  increased  facilities  for  commerce  have  been  secured 
by  the  opening  of  the  Alexandra  Dock,  with  an  area  of  twenty- 
eight  acres,  having  ample  hydraulic  machinery  for  the  shipping 
of  coal.  In  addition  to  these  docks  Newport  is  most  favourably 
situated,  possessing  an  extensive  water  frontage  on  the  river  Usk, 
by  means  of  which  an  extensive  trade  is  carried  on. 

Cardiff  is  situated  on  the  river  Taff,  and  is  connected  with  all 
parts  of  the  kingdom  by  the  Great  Western,  Taff  Vale,  and 
Bhymney  Railways.  The  port  has  the  advantage  of  a  magnificent 
roadstead  and  extensive  docks  constructed  by  the  trustees  of  the 
Marquis  of  Bute.  Until  these  docks  were  constructed  the  only 
outlet  for  the  minerals  of  this  district,  of  which  Merthyr  is  the 
capital,  was  the  Glamorganshire  Canal,  the  access  to  which  was 
very  imperfect  and  the  dimensions  wholly  inadequate  for  the  rapidly 
increasing  trade  of  this  great  coal  and  iron  district.  It  is  interest- 
ing to  trace  the  early  incidents  connected  with  the  Bute  Docks. 
They  may  be  briefly  stated  as  follows : — "  The  Marquis  of  Bute 
was  the  owner  of  a  large  tract  of  land  that  intervened  between  the 
town  and  the  sea,  called  '  Cardiff  Moors,'  and  conceived  the  idea 
of  converting  it  into  a  harbour  on  a  scale  commensurate  with  the 
prospective  wants  of  the  neighbourhood.  In  the  year  1880  he 
obtained  an  Act  for  constructing  a  new  port,  the  '  Bute  Ship 
Canal,'  and  steadily  proceeded  amidst  many  difficulties  to  carry 
out  the  design  at  his  individual  cost."  The  work,  which  was 
considered  a  wild  speculation,  commenced  in  1884  with  the  con- 
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Btruction  of  a  feeder  from  the  river  Taflf.  The  first  stone  of  the 
docks  was  laid  in  March,  1887,  and  the  docks  opened  in  October, 
1839.  A  few  years  previously  the  high  character  of  the  coal- 
seams  in  the  Aberdare  and  Merthyr  districts  attracted  attention 
from  their  valuable  qualities  as  a  steam  coal,  and  a  great  impetus 
was  given  to  their  development  by  the  opening  of  the  West  Bute 
Dock  in  1889,  and  the  East  Bute  Dock  in  1859.  It  may  be 
briefly  stated  that  the  West  Bute  Dock  contains  a  water  area  of 
18  acres ;  the  East  Bute  Dock  an  area  of  42  acres,  with  a  basin 
area  of  8  acres.  Beyond  this  the  Port  of  Cardiff  possesses 
greatly  increased  accommodation  in  late  years  by  the  addition  of 
the  Penarth  Dock  and  Tidal  Harbour,  the  former  having  a  dock 
area  of  18  acres  and  a  basin  of  3  acres,  while  the  latter  has 
a  total  length  of  13,200  feet.  This  great  area  has  been  further 
supplemented  by  the  New  Bute  Basin,  with  an  area  of  12  acres, 
with  machinery  capable  of  shipping  4,480  tons  of  coal  per  day ; 
and  the  Glamorganshire  Canal  Dock,  with  a  length  of  upwards  of 
5,000  feet,  for  discharging  and  loading  small  vessels,  and  beyond 
which  increased  accommodation  has  recently  been  added  by  the 
addition  of  a  new  dock  on  the  east  side  of  the  existing  East  Dock, 
with  a  water  area  of  55  acres. 

Previous  to  the  opening  of  the  Taff  Vale  Railway  in  the 
year  1840,  coal  was  conveyed  down  the  Glamorganshire  Canal 
already  referred  to,  which  has  a  length  of  25  miles,  with  a  rise  of 
611  feet.  This  great  undertaking  commenced  in  the  year  1791, 
and  was  completed  and  opened  in  the  year  1794  to  Cardiff.  The 
only  information  showing  the.  extent  of  mineral  traffic  on  this 
canal  is  found  in  Mr.  Jellinger  Symons'  ''  Industrial  Capacities 
of  South  Wales,"*  from  which  it  appears  that  in  the  year  1846 
the  coal  carried  amounted  to  287,271  tons,  and  in  each  of  the 
years  between  1846  and  1852  to  the  following  quantities : — 


Year. 


1847 
1848 
1849 


Coal  Carried. 
Tons. 

262,077 
281,967 
245,785 


The  other  principal  ports  of  shipment  in  South  Wales  for  the 
export  of  coal  are  those  of  Swansea,  Llanelly,  and  Milford.     The 


*  Pabliflhed  by  R.  Mason,  Tenbj,  1865,  p.  22. 
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growth  of  the  port  of  Swansea  has  been  very  rapid ;  it  has  been 
remarked  that  of  all  the  ports  in  the  Bristol  Channel,  **  there 
are  none  more  favourably  situated  than  Swansea;  for  it  is  an 
important  fact,  that  Swansea  Harbour  is  accessible  to  any  stranger 
that  may  arrive  in  the  bay  when  blowing  too  strong  for  pilots  to 
get  oflf."  The  stone  piers  enclosing  the  outer  harbour  were 
erected  under  an  Act  passed  in  the  year  1791,  and  stretch  some 
600  yards  on  the  east,  and  800  yards  on  the  west  side. 

The  following  are  some  of  the  particulars  of  the  dock  accom- 
modation : — The  North  Docks  were  commenced  in  the  year  1849 
and  completed  in  the  year  1861,  and  possess  an  area  of  lock  and 
half-tide  basin  of  18|  acres.  The  South  Docks  were  completed 
in  1859,  the  area  of  the  entrance  basin  being  8  acres,  and  the 
dock  area  18  acres.  Ample  provision  is  here  made  for  shipping 
coal,  large  iron  boxes,  with  false  bottoms,  being  employed,  each 
containing  2^  tons,  and  four  of  which  are  conveyed  upon  a  truck 
each  journey;  beyond  these  ordinary  tipping-waggons  are  used, 

Llanelly  is  situated  some  10  mUes  to  the  west  of  Swansea,  and 
both  ports  are  the  seats  of  some  of  the  most  extensive  and  im- 
portant metallurgical  works  in  the  kingdom ;  more  especially  for 
the  smelting  of  copper  ore,  the  manufacture  of  tin-plate,  and  the 
reduction  of  the  ores  of  iron,  &c.  The  port  has  good  docks,  is 
situated  on  the  estuary  of  the  Burry  and  Llwchwr  rivers  on  the 
east  of  Caermarthen  Bay,  and  is  connected  with  the  Llanelly  and 
the  Great  Western  Bailways.  The  principal  coal  shipped  at 
Llanelly  is  anthracite ;  which  variety  of  coal  is  also  shipped  at 
Burry  Port  and  Kidwelly,  smaller  ports  to  the  west  of  Llanelly. 

Milford  was  formerly  a  great  outlet  of  the  coal  of  Pembroke- 
shire ;  the  trade  has  of  late  years  moved  eastward,  but  is  still 
of  considerable  importance.  The  ports  of  Milford  and  Pem- 
broke, situated  at  the  mouth  of  the  Dancleddaw  river,  which 
here  flows  into  an  inlet  of  the  Atlantic,  constituting  one  of  the 
finest  harbours  in  the  world,  and  giving  rise  to  an  important 
naval  arsenal.  It  is  here  that  the  South  Wales  section  of  the 
Great  Western  Railway  terminates,  the  port  having  extensive 
commercial  relations  with  the  south  of  Ireland. 

With  the  foregoing  brief  reference  to  the  more  important 
ports  contributing  to  the  distribution,  coastwise  and  to  foreign 
countries,  of  coal  the  produce  of  South  Wales,  the  following 
statistics  will  show  the  growth  of  the  coal-trade.     The  earliest 
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accessible  returns  are  for  Swansea,  where  the  shipments  coast- 
wise, to  foreign  countries  and  Ireland,  were  as  follows  in  each 
of  the  years : — 


Year. 

1 
CoMtwise.         1         Exported. 

Total. 

1816 
1817 

1818 

1 

Tons. 
159,181 
167,251 
190,022 

Tons. 
29,974 
67,784 
34,321 

Tons. 
189,155 
225,035 
224,343 

The  Cardiff  and  Newport  shipments  in  each  of  the  same 
years  of  coal,  the  produce  of  the  South  Wales  coal-field,  were 
as  follows : — 


1 

1          Year.           '         Coastwise. 

Exported. 

TotaL 

1816 
1817 
1818 

Tons. 
177,044 
207,753 
218,800 

Tons. 
75.199 
90,090 
95,414 

Tons. 
252,243 
297,843 
314,214 

In  subsequent  years  the  returns  of  each  port  are  separately 
distinguished. 

The  Llanelly  and  Pembroke  shipments  in  each  of  the  same 
years  stood  thus : — 


Year. 

LLANBLLY. 

1 
Total. 

PEMBBOKE. 

TotaL 

Coastwise.     Exported. 

Coastwise. 

Exported. 

1816 
1817 
1818 

Tons. 
29,418 
38,512 
34,570 

Tons. 
15,480 
26,527 
18,427 

Tons. 
44,898 
65,039 
52,997 

Tons. 
27,532 
21,956 
28,970 

Tons. 
271 
3,333 
3,462 

Tons. 
27,803 
25,289 
32,432 

The  total  shipments  from  Milford  during  the  same  years 
amounted  to  but  1,895  tons. 

Summarising  the  above  returns,  the  total  quantities  of  coal 
and  anthracite  sent  coastwise  and  exported  in  each  of  the  above 
years  appear  thus,  and  afford  reliable  data  for  comparison : — 


Year. 

Coastwise. 

Exported. 

Total. 

1816 
1817 
1818 

Tons. 
393,175 
435,472 
472,362 

Tons. 
120,924 
177,734 
151,624 

Tons. 
514,119 
613,206 
623,986 
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From  these  totals,  compared  with  the  total  exports  previous 
to  the  year  1800,  when  Swansea  was  the  chief  port  of  export, 
may  be  gathered  some  interesting  facts  bearing  on  the  growth 
of  the  coal  industries  of  South  Wales.  It  only  remains  to 
add  that,  during  the  same  years,  from  1780  to  1799,  the  total 
exports  from  Cardiff,  Llanelly,  and  Pembroke  did  not  exceed 
8,700  tons :—  * 


Year. 

Svansea. 

Year. 

Swansea. 

Tons. 

Tons. 

1780 

64,502 

1790 

157,588 

1781 

53,772 

1791 

154,943 

1782 

71,597 

1792 

179,595 

1783 

70,725 

1793 

218,060 

1784 

102,391 

1794 

169,999 

1785 

88,624 

1796 

182,746 

1786 

90,645 

1796 

181,213   ' 

1787 

98,111 

1797 

202,023 

1788 

101,412 

1798 

211,172 

1789 

113,509 

1799 

244,976 

In  the  above  quantities  are  included  the  coal  sent  coastwise, 
which  formed  the  great  bulk,  the  quantities  at  this  period  sent 
to  foreign  countries  not  exceeding  from  30,000  to  40,000  tons 
per  annum ;  while  in  the  three  years  above  referred  to,  the  coal 
sent  coastwise,  and  shipped  to  Ireland  and  foreign  countries, 
amounted  to : — 


Year. 

coastwise.         ^  pore^ou^ries.              Total. 

1816 
1817 
1818 

Tons. 
4,145,909 
4,067,722 
4,253,007 

Tons. 
824,536 
873,806 
821,329 

Tons. 
4,970,445 
4,941,528 
5,074,336 

Ten  years  later  it  is  stated  on  the  authority  of  the  author 
of  "  Fossil  Fuel,"  that  upwards  of  64,000  tons  of  "  Stone  coal 
or  Culm,"  were  exported  from  Swansea ;  while  in  1829  Swan- 
sea, Newport  and  Neath,  shipped  550,000  tons  of  coal,  and 
Cardiff  60,000  tons ;  these  quantities  presimiably  included  that 
sent  coastwise.  For  a  few  years  about  this  period  the  details 
bearing  on  the  distribution  of  coal  raised  in  the  South  Wales 
coal-field  are  somewhat  uncertain ;  in  the  year  1880  and  in  sub- 
sequent years,  returns  made  by  the    Commissioners   of  H.M. 

*  Coal  Commission  Report,  vol.  iii.,  Appendix,  p.  6. 
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Customs  to  Parliament,  afford  all  the  necessary  information 
bearing  on  the  distribution  of  our  coal,  whether  to  our  Colonies, 
foreign  countries,  or  that  sent  coastwise  to  V)ther  ports  in  the 
United  Kingdom,  and  in  late  years  the  coals  shipped  to  Ireland. 
From  the  returns  above  referred  to  the  following  details  appear 
for  the  years  named  : — 

Coal,  Cindbbs,  akb  Culm  expobted  fbom  the  UNrnsD  Kikodom. 


Port«. 

1830.                   1831. 

isa2. 

18S3. 

Cardiff        .        .    . 
Newport . 

Llanelly     .        .     . 
Swansea . 
Milford               .     , 

Total  . 

ToTlH. 

711 

1,930 

3,855 

6,403 

10 

Tons. 

726 
4,698 
5,817 
7,013 

•  «  • 

Toiiis. 

1,052 
5,244 
4,740 
8,198 
214 

Tons. 

1,521 

2,609 

7,109 

13,501 

•  •  • 

12,909 

18,254 

19,448 

24,740 

In  each  of  the  same  years  the  total  quantities  exported  stood 
as  follows,  together  with  the  amount  of  duties  received  thereon. 
The  duties  in  the  year  1880  varying  from  Is.  per  ton  to  British 
possessions  and  58.  9d.  per  ton  in  British  ships  to  foreign 
countries,  while  in  other  ships  it  amounted  to  10j».  In  the  year 
1885  all  duties  on  coal  to  British  possessions  were  remitted.  The 
remaining  duties,  a  few  years  later,  were  reduced,  and  finally 
abolished  in  the  year  1850,  since  which  year  all  coals  have  been 
exported  free  of  duty  : — 


Year. 

QuantitIeK  Exported. 

Amount  of  Duty  Received. 

Tons. 

£.        s.       d. 

1830 

504,419 

63,889  17    6 

1831 

510,831 

55,237     5  10 

1832 

588,446 

56.706    2  10 

1833 

634,448 

65.008    8    6 

1834 

615,255 

•  •  • 

1835 

1 

736.060 

•  •  • 

From  this  time  forward  ample  details  from  Parliamentary  and 
other  returns  are  accessible,  showing  the  distribution  of  coal, 
from  which  the  following  figures  are  gathered.  In  the  annexed 
table  appears  the  quantities  of  coal,  culm,  and  cinders  sent  coast* 
wise  and  exported  from  the  ports  of  Soutli  Wales,  including 
Monmouthshire,  in  each  of  the  years  named  since  1884 : — 
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Year. 

CCMwtwise. 

Exported. 

Totiil. 

Tons. 

Tons. 

Tons. 

1834 

1,026,838 

30,404 

1,572,242 

1836 

1,066,261 

46,110 

1,112.371 

1838 

1,227,083 

65,902 

1,292,985 

1840 

1,374,419 

63,867 

1,438,286 

1842 

1,453,154 

109,819 

1,562,973 

1845 

1,656,963 

236,061 

1,893,024 

1848 

1,663,937 

300,189 

1,964,126 

1851 

1,573,773 

453,125 

2,126,898 

1854 

1,786,878 

772,481 

2,559,359 

1857 

2,004,225 

1,418,026 

3,422,251        , 

1860 

2,238,875 

1,719,560 

3,958,436        | 

1863 

2,231,071 

2,272,540 

4,503,611 

1866 

2,432,654 

2,971,920 

5,404,574 

1869 

2,511,080 

3,226,790 

5,737,870 

1872 

2,555,805 

3,592,767 

6,148,573 

1873 

2,492,404 

3,348,147 

5,540,551        1 

1874 

2,270,512 

3,992,316 

6,262,818 

1875 

2,182,535 

3,696,724 

5,879,259 

1876 

2,390,402 

5,092,392 

7,482,792 

1877 

2,376,466 

5,283,417 

7,659,883 

1878 

2,415,667 

5,798,565 

8,214,232        1 

1879 

2,538,179 

6,291,337 

8,809,516 

1880 

2,492,204        1 

6,893,839        ' 

9,386,043 

The  great  development  of  the  coal  industries  of  the  South 
Wales  coal-field  is  well  shown  in  the  above  table,  more  especially 
when  comparing  the  returns  of  the  year  1850  (when  the  export 
duty  on  coal  was  repealed,)  with  those  of  the  year  1860.  The 
coal  sent  coastwise,  although  showing  a  considerable  increase,  bears 
no  proportion  to  the  yearly  increasing  quantities  exported.  In 
the  annexed  statement  for  the  years  1860,  1879,  and  1880  appear 
the  respective  shipping  ports  and  quantities  of  coal  sent  coastwise 
and  exported  to  foreign  countries  in  each  of  those  years  from  the 
ports  named : — 


Ports. 

I860. 

1879. 

1880. 

Coastwise. 

1       Tons. 

Exported. 

Coastwise. 

Exported. 

Coastwise.     Exiwrted. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Cardiff         .     . 

,     782,002     1,133,086 

827,468 

4,427,602 

864,899 

4,991,317 

Newport  . 

629,206 

187,691 

983,725 

936,666 

868,963     1,015,6;;0 

Swansea      .    . 

I     227,676 

296,102 

261,992 

776,301 

248,863  1     688,604 

Neath      . 

186,310 

13,740 

•  • 

•  • 

*  *                 *  * 

Llanelly      .    . 

284,170 

89,996 

116,389 

69,740 

120,383 

75,874 

MUford    . 

61,361 

46 

27,163 

•  • 

26,168 

•  • 

Briton  Ferry    . 

•  • 

•  • 

186,287 

63,406 

191,673 

94,070 

Port  Talbot.    . 

61,966 

•  • 

79,434 

21,272 

80,922 

16,798 

Forth  Cawl      . 

17,  IW 

•  • 

66,741 

8,460 

91,443 

11,626 

'           TotjU  .    . 

2,238,876  j  1,719,660  ' 

2,538,179 

6,291,337 

2,492,204  '  6,893,839 
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BaUwaj  IMstrilnition.— The  Taff  Yale  and  Great  Western 
Bailways  and  their  many  branches  contribute  mainly  to  the  dis- 
tribution of  the  great  bulk  of  coal  to  the  ports  of  shipment  and 
to  remote  parts  of  the  kingdom^  other  lines  of  railways  contri- 
buting in  a  lesser  degree.  The  Taff  Yale  main  line,  extending 
from  Merthyr  Tydvil  to  Cardiff,  was  opened  in  October,  1840, 
and  completed  in  April  of  the  following  year ;  originally  it  had  but 
a  single  line  of  rails,  which  were  far  from  sufficient  for  the  traffic, 
and  soon  double  rails  were  laid  down.  The  detailed  returns  of 
mineral  traffic  published  annually,  leave  nothing  to  be  desired  as 
regards  the  statistics  of  coal  conveyed  over  the  main  line  and 
branches,  which  had  increased  enormously  during  the  forty  years 
the  railway  has  been  in  existence,  and  may  be  gathered  from  the 
annexed  figures  taken  from  the  Company's  return  of  coal  and 
coke  carried  by  all  trains  in  each  of  the  years  given : — 


Year. 

Tons. 

Year. 

Tons, 

1841 

41,669 

1871 

3,593,932 

1844 

187,740        1 

1872 

4,213,506 

1847 

360,324        1 

1873 

4,527,641 

1850 

594,222        1 

1874 

4,352,778 

1853 

874,362 

1875 

3,776,813 

1856 

l,o94,t5"4 

1876 

4,879,180 

1859 

1,759,422        1 

1877 

5,170,953 

1862 

2,540.657 

1878 

5,613,639 

1865 

2,855,198 

1879 

5,849,184 

1868 

3,540,324        1 

1880 

6,894,403 

Of  the  aggregate  quantities,  the  following  table,  prepared  from 
the  railway  return  previously  referred  to,  shows  the  quantities 
carried  in  each  of  the  years  to  the  places  named : — 


DfKtribution. 

1847. 

1865. 

1878. 

'        1879. 

1880. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Cardiff  and  Penarth  Junction 

336,769 

2,501,689 

4,761,254 

5,064,111 

5,955,457 

SoldrataU       .... 

23,655 

212,075 

327,506 

294,556 

356,691 

Quaker's  Yard  Junction 

102,611 

90,664 

121,405 

135,419 

Mountain  Ash  Junction  .    . 

37,024 

17,903 

10,160 

4,006 

Conyejed  over    by    other ) 

Bailwava                         j 

Brecon  and  Merthyr  Junction 

•  •    ^ 

1,799 

413,781 

352,329 

845,757 

•  • 

254 

5,916 

97,010 

WahmtTree  Bridge  Junction 
Total   .... 

•  • 

2,277 

707 

63 

360,324 

2,855,198 

0,613,639 

5,849,184 

6,894,403 

The  Oreat  Western  Railway  passes  through  the  entire  length 


w 
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of  the  coal-field,  and  like  the  Taff  Vale  exercises  a  great  influence 
in  the  distribution  of  the  coal.  The  Great  Western  carrying  it 
inland,  not  only  to  remote  parts  of  the  kingdom  but  also  to  the 
Metropolis.  An  early  return  for  the  year  1857,  when  the  traffic 
originated,  gives  the  quantity  carried  from  South  Wales  as 
120,080  tons ;  in  1865  the  Midland  Railway  conveyed  1,983  tons 
from  the  coal-field,  advancing  to  the  year  1866,  when  the  railway 
returns  assume  a  definite  form,  the  distribution  is  traced  with 
much  clearness,  the  quantities  in  each  year  appearing  as 
follows : — 


Year. 

Great  Western. 

MidlAnd. 

Monmouthshire 
and  Canal. 

Vale  of  Neath. 

London  and 
North-Westem. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1865 

1,345,512 

•  ■  • 

1,315,783 

700,592 

37,670 

1867 

2,238,342 

1,637 

1,579.410 

911,600 

•  ■  • 

1868 

2,553,487 

573 

1,389,660 

1,046,432 

47,648 

1869 

2,800,790 

390 

1,528,354 

1,106,064 

71,415 

1870 

2,850,412 

4,730 

1,676,486 

* 

70,321 

1872 

3,067,685 

27,351 

1,759,356 

♦ 

107,620 

1874 

3,427,576 

191,027 

2,120,700 

♦ 

439,493 

1876 

4,446,775 

570,120 

* 

♦ 

750,624 

1878 

4,422,464 

591,333 

* 

* 

768,790 

1879 

4,763,429 

639,553 

^ 

* 

827,831 

1880 

5,384,411 t 

707,458 

* 

♦ 

903,335 

It  is  only  necessary  to  add  that  details  of  the  distribution 
of  the  above  quantities  will  be  found  in  the  "Mineral  Statis- 
tics of  the  United  Kingdom  *'  and  vol.  iii.  of  the  "  Coal  Com- 
mission Report,  1871." 

Prices  of  Coal  ajid  Cost  of  Production. — ^An  inquiry  insti- 
tuted about  the  year  1860  shows  that  at  that  period  the  cost 
of  cutting  coals  and  filling  into  trams  varies,  according  to  the 
district,  from  lOd.  to  2s.  6rf.  per  ton.  These  extreme  variations 
are  due  to  the  thickness  of  the  seam  and  to  its  quality  top 
and  bottom.  The  cost  at  bank,  including  royalties  and  all  ex- 
penses, but  not  interest  on  capital  expended,  being  about  5s.  6rf. 
per  ton.  At  this  period,  1860,  the  selling  jrice  of  coal  at  pit's 
bank,  subject  to  variation,  being,  on  the  average,  as  follows : — 

*  Included  in  the  Great  Western  return. 

t  Beyond  this  quantity  in  the  year  1880  the  Great  Western  Railway  carried 
2,696,610  tons  of  coal  from  Monmouthshire. 
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SOUTH  WALIS.  8,     d. 

Large  ooal 6  6 

Bradi  ooal  (i.e.,  ooal  cat  and  sold  thorough  and  thorough  as 

it  is  in  the  seam) 6  6 

Olean  small  coal 4  6 

These  rates  also  apply  to  Monmouthshire. 
Bailway  charges,  according  to  old  Acts  of  Parliament,  were  as 
follows  about  the  year  1860 : — 

8,    d. 
For  tonnage  (t.e.,  the  use  of  the  road)       .    0    1    per  ton  per  mile. 
For  looomotiye  pow' ^ 0    0^ 


>>  >> 


These  rates  have  been  considerably  reduced  in  recent  years. 
The  average  distance  of  the  South  Wales  collieries  from  the 
ports  of  shipment  may  be  taken  at  about  18  miles,  and  the  cost 
of  shipping  at  port,  per  ton,  &d.  In  the  year  1860  the  cost 
of  "Welsh  coal,  at  port,  will  have  been  about : — 

8,    d. 

Getting  coal 5    6  per  ton. 

Conveyance  to  ports  and  waggons                         .    .     1  10       ,, 
Shipping 0    6 


Total 7  10 


II 


11 


During  the  next  ten  years,  till  1870,  the  wages  of  coal-miners 
were  but  moderate ;  in  the  following  year,  1871,  a  period  of 
prosperity  set  in,  when  the  iron-workers  sought  an  increase  of 
wages,  this  was  succeeded  by  the  coal-miners  seeking  corre- 
sponding advantages.  On  the  average,  at  this  period,  the  collier 
worked  four  days  per  week,  receiving  40«.  per  week,  or  10«.  per 
day.  Between  1872 — 74  the  great  strike  occurred  in  South 
Wales,  when  it  may  be  remembered  about  60,000  out  of  66,000 
hands  engaged  in  the  collieries  and  ironworks  of  the  district 
struck  work  from  the  1st  December,  1872,  to  the  middle  of 
February,  1873,  causing  the  stoppage  of  118  coUieries. 

The  loss  of  production  in  the  interval  referred  to  has  been 
estimated  at  1,170,000  tons  of  coal ;  the  total  cost  of  the  strike 
to  the  masters  and  men  at  about  £2,000,000 ;  the  loss  of  wages 
alone  amounting  to  about  £800,000. 

Towards  the  close  of  the  year  1878  the  tide  of  prosperity 
tamed,  prices  fell  and  wages  decreased,  till  in  1877  colliers' 
wages  in  South  Wales  did  not  exceed  from  48,  to  4^.  6d.  per 
day  for  ordinary  pitmen^  and  5«.  to  58.  9d.  for  hewers,  since 
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-which  date  wages  have  continued  to  decrease.  The  disastrous 
strike  of  1877  at  Saundersfoot,  in  Pembrokeshire,  is  another 
example  of  loss  to  industry.  Here '  a  cessation  of  labour  con- 
tinued for  seven  months,  the  colliers  eventually  resuming  labour 
on  the  former  terms. 

The  average  price  of  coal  prevailing  in  the  year  1878  was  Ss. 
per  ton ;  the  highest  price,  lOs.  per  ton,  and  tiie  lowest,  6«.  6(2. 
per  ton.  While  in  1879  the  average  price  did  not  exceed  7«.  Sd. 
per  ton ;  the  highest  price,  11«.  per  ton,  and  the  lowest,  6«.  per 

ton,  compared  with  Is.  6t2.,  188.,  and  Gs.  in  the  year  1880. 

Population  employed  in  Coal  and  Iron-mining  in  the  South 
Wales  Coal-field. — The  number  of  male  persons  employed  in 
coal-mining  operations  in  South  Wales  in  the  year  1854  was 
82,478;  the  number  in  ironstone-mining,  10,272,  thus  appor- 
tioned to  the  respective  counties  of  South  Wales  in  which  the 
mineral  basin  occurs  : — 


I 


Counties. 


Coal  Milling. 


Iron  Mining. 


Glamorganshire    . 

Monmouthsliire 
I    Caermarthenshire . 
I    Brecknockshire 

Pembrokeshire 

Total 


No. 

No. 

•                     • 

15,295 

5,079 

•           • 

11,367 

3,404 

•                  • 

3,344 

19 

•           • 

1,541 

1,767 

•                     • 

926 

3 

1 
•          • 

32,473 

10,272 

The  total  number  of  females  employed  in  coal-mining  in  South 
Wales  in  the  same  year  was  1,059,  of  whom  395  were  employed 
in  the  Monmouthshire  area  of  the  coal-field. 

Beferring  to  the  annual  reports  of  H.M.  Inspectors  of  Mines 
for  the  year  1878,  the  total  number  of  persons  employed  in  the 
South  Wales  coal-field,  exclusive  of  that  part  of  the  coal-field  in 
Monmouthshire,  was,  in  coal-mining,  46,474,  of  whom  86,816 
were  employed  underground,  and  9,168  over  ground.  The 
number  in  ironstone  mines  being  1,090,  of  whom  806  were 
under  and  285  above  ground. 

In  subsequent  years  since  1874,  the  numbers  employed  in  the 
South  Wales  coal-field  in  coal  and  ironstone-mining  have  been 
as  follows,  distinguishing  those  engaged  under  and  above  ground 
and  the  quantity  of  coal  and  ironstone  raised,  according  to  the 
reports  of  H.M.  Inspectors,  to  which  is  added,  for  comparisoni 
the  average  quantity  raised  per  man  in  each  year : — 
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Teur. 

Goal  Raised. 

Ironstone 
Raised. 

Total  Coal  and 
Ironstone. 

Ayenigo 
per  man. 

Above 

Under 

1k>tal. 

OronntL 

Ground. 

Tons.               Tons. 

Tons. 

Tons. 

1874 

13,865 

59,463 

73,328 

16,432,060 

363,131 

16,785,191 

229 

1875 

11,893 

60,750 

72,643 

14,173,143 

398,533 

14,571,676 

200 

1876 

10,836 

56,647 

67,483 

16,972,284 

223,386 

17,195,670 

255 

1877 

10,180 

55,126 

65,306 

16,921,214 

214,429 

17,135,643 

262 

1878 

9,590 

54,146 

63,736 

17.517,118 

196,331 

17,713,449 

278 

1879 

10,187 

56,308 

66,495 

17,819,043 

143,525 

17,962,268 

270 

1880 

10,920      58,238 

69,158 

21,165,580 

148,101  1  21,318,981 
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The  population  employed  above  and  below  ground  in  the  South 
Wales  coal-field  was  as  follows  in  the  year  1879,  distinguishing 
the  number  of  persons  in  each  county  : — 


County. 

Under  Qronnd. 

Above  Ground. 

1 
TotaL         1 

Brecknookshire  . 
Glamorganshire     .     . 
Caennaithenshire 
Pembiokeshire       .    . 
Monmouthshire . 

Total                .    . 

Persons. 

438 

39,843 

1,964 

424 

13,639 

Persons. 

65 

7,238 

542 

182 

2,160 

Persons. 

503 

47,081 

2,506 

606 
15,799 

56,308 

10,187^ 

66,495 

Saflouroes  aad  TrohtMm  Duration  of  the  South  Wales  Coal- 
field.— From  the  Beport  of  the  Boyal  Ooal  Commission  the 
total  quantity  of  coal  ascertained  by  Messrs.  H.  Hussey-Yivian 
and  George  T.  Clarke  as  remaining  in  this  great  coal-field  was 
869666,195,917  tons ;  of  this  quantity  the  amount  existing  to 
depths  not  exceeding  4,000  feet  is  given  as  32,466,208,918  tons, 
that  existing  at  depths  exceeding  4,000  feet  amounting  to 
4,109,987,004  tons.  An  analysis  of  the  Report  of  the  Boyal 
Coal  Commission  distinguishes  the  net  quantity  of  coal  remaining 
unwrought  in  the  several  divisions  of  the  coal-field  as  follows : — 

South  Waubs  Motebal  BAsnr.f 

TOHBL 

Pembrokeshire 215,695,910 

Eastern  division  of  coal  field  to  the  Glyncorrwg 

Fault  on  the  west 12,963,230,517 

Division  of  coal-field  westward  of  the  Glynoorrwg 

Fault 23,387,269,490 


Total  quantity  of  unworked  coal  in  ooal-field    36,566,195,917 


*  Of  this  number  990  were  females,  of  whom  568  were  above  16  years  and  432 
mider  that  age.  f  Coal  Commission  Beport,  vol.  L,  pp.  7,  8,  and  16. 
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At  the  rate  of  production  in  the  year  1870,  namely,  18,6649112 
tons,  this  coal-field  would  furnish  supplies  for  2,676  years. 
Since  the  year  1870  the  output  of  the  collieries  has  largely 
increased,  amounting  in  the  year  1879  to  17,819,048  tons,  and  in 
1880  to  21,166,680  tons,  apportioned  as  follows : — 

OOURTT.  COAL  &AISBD. 

Tons. 

Brecknockshire 100,616 

Glamorganshire 15,320,096 

OaermarUienshire 625,933 

Pembrokeshire 79,386 

Monmouthshire       ......  5,039,549 

Total 21,165,580 


The  output  of  1880  exceeding  that  of  1879  by  8,846,687  tons, 
equivalent  to  upwards  of  18  per  cent. 

The  total  production  in  the  ten  years  ending  1879  was 
164,162,180  tons;  this  quantity,  deducted  from  the  original 
estimate,  would  leave  86,412,088,787  tons  available  for  future 
use,  which  at  the  average  consumption  of  the  past  ten  years 
(16,416,218  tons,)  would  yield  supplies  for  2,862  years;  and 
at  the  rate  of  production  in  1880  the  exhaustion  of  the  South 
Wales  coal-field  would  take  place  1,720  years  hence. 


CHAPTER    XV. 

GLOUCB8TBR8HIRK    COAL-FIELD. 

Description  of  Coal-field^-Sectioa  of  Stral^i — Area  of  Woods  and  Plantations  in 
Forest,  and  Ancient  Rights  of  Miners — ^Analyses  of  Coal — Production  and  Dis- 
tribution by  Railway  and  by  Ship— Price  of  Coal — Population  employed  in 
Coal  and  Lron  Mining — Resources  and  probable  Duration  of  Coal-field. 

Olouoestershire  Coftl-field. — Forest  of  Dean, — The  coal-field 
bearing  this  name  occupies  a  superficial  area  of  84  square  miles ; 
it  is  distant  some  14  miles  from  the  city  of  Gloucester,  and 
lies  between  the  rivers  Severn  and  Wye.  In  form  and  outline 
this  basin  is  more  perfect  than  any  other  coal-field  in  Great 
Britain.  The  coal  measures,  in  their  greatest  section,  are  no  less 
than  2,766  feet,  and  the  uniform  dip  of  the  strata,  from  the 
margin  of  the  coal-field  towards  the  centre,  is  so  regular  in  its 
occurrence  that  each  division  of  its  strata  is  well  known.  In  this 
section  occur  15  seams  of  coal,  varying  in  thickness.  Of  these 
seams,  exceeding  2  feet  thick  and  upwards,  there  are  eight, 
giving  an  aggregate  thickness  of  solid  coal  of  24  feet.  Professor 
E.  Hull,  F.R.S.,  in  his  "  Coal  Fields  of  Great  Britain,"  gives  the 
following  section,  showing  the  succession  of  the  coal  seams : — 

Ft.    In. 
Sandstone  and  shales,  with  thin  coals  .        .        .    830    0 

1.  CowDelf 0    8 

Strata 91  10 

2.  Dog  Delf 12 

Strata 46    9 

3.  Smith  Coal 2    6 

Strata 34    6 

4.  Little  Delf 18 

Strata 48  8 

6.  Park  End  High  Delf 3  7 

Strata 56  0 

6.  Starkey  Delf,  with  parting 2  0 

Strata 50    0 

7.  Bocky  Delf 19 

Strata 77    6 
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Ft.  In. 

8.  Upper  Churcliway  Delf,  with  partings     .        .        .    .        1  11 

Strata 34    0 

9.  Lower  Ohurchway  Delf 16 

Strata 150    0 

10.  Braizley  Delf 19 

Strata 430    0 

11.  Nag's  Head  or  Yorkley  Delf  .  • 2    9 

Strata 153    0 

12.  Wliittmgton  Delf 2    6 

Strata 137    0 

13.  Coleford  ffigh  Delf 2  ft.  to        5    0 

Strata 124    0 

14.  Upper  Trenohard  Delf 2    0 

Strata 72    0 

15.  Lower  Trenchard  or  Bottom  Goal 14 

The  thick  series  of  sandstones  occurring  between  the  Church- 
way  and  Coleford  High  Delf  coal  seams  yields  an  excellent 
building  stone,  and  have  given  rise  to  numerous  quarries ;  and 
Professor  Smyth  is  of  opinion  that  these  sandstones  appear  to 
be  the  equivalent  of  the  Pennant  of  the  Bristol  coal-field. 

The  coal  measures  are  surrounded  by  belts  of  millstone  grit  and 
carboniferous  or  mountain  limestone,  upon  which  they  rest,  and 
the  carboniferous  limestone,  in  turn,  reposes  upon  a  bed  of  Old 
Bed  Sandstone.  Sir  Henry  de  la  Beche  gives  the  following 
details  in  the  "  Memoirs  of  the  Geological  Survey,"  *  showing  the 
thickness  of  the  several  divisions  of  the  strata  of  this  coal-field : — 

Feet 

Coal  measures,  with  fifteen  coal  seams 2765 

'  MUlstone  grit 465 

Carboniferous  limestone 480 

Lower  limentone  shale 165 

Old  Bed  Sandstone 8000 

Of  the  24,000  acres  comprising  the  area  of  the  Forest  of  Dean, 
it  appears  18,500  acres  belong  to  the  Crown,  subject  to  certain 
rights  of  the  free  miners ;  between  600  and  700  acres  belong  to 
the  Crown,  firee  firom  all  rights  of  common,  the  remaining  4,800 
acres  being  the  property  of  private  individuals;  the  existing 
woods  and  plantations  in  the  Forest  extend  over  between  14,000 
and  15,000  acres,  consisting  almost  entirely  of  oak,  of  ages  varying 
fi:om  2  to  70  years ;  the  greater  portion,  however,  are  from  50  to 
60  years  old,  and  in  general  are  in  a  thriving  condition.  From 
the  report  of  the  Select  Committee  of  the  House  of  Commons, 
dated  July,  1874,  are  gathered  many  interesting  facts :  it  is  there 

♦  Vol.  i.,  p.  203. 
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stated  that  the  surface  of  the  Forest  occupied  by  the  mines  is 
estimated  at  1,000  acres,  within  which  is  included  spoil  banks, 
quarries,  railways,  tramways,  and  other  works,  while  the  present 
income  to  the  Grown  from  coal  mines  varies  from  £11,000  to 
j612,000  per  annum,  and  from  iron  mines  from  £4,000  to  £5,000 
per  annum. 

Special  privileges  are  inherited  by  the  male  population,  that  is 
to  say,  every  male  person  bom  and  abiding  in  the  hundred  of 
Saint  Briavels,  of  the  age  of  21  years,  who  has  worked  for  a  year 
and  a  day  in  a  coal  or  an  iron  mine  within  the  hundred,  is  entitied 
to  be  registered  as  a  free  miner.  These  registered  free  miners, 
according  to  the  returns  published  in  the  year  1888,  numbered 
1,200  j  tiiey  are  not  now  so  numerous  as  then,  their  numbers  in 
the  year  1874  probably  not  exceeding  700  or  800.  The  privilege 
possessed  by  these  free  miners  consists  in  their  being  entitied  to 
the  exclusive  rights  of  having  grants  from  the  Grown  of  what  are 
called  '*  gales,''  which  confer  licenses  to  work  in  mines.  These 
**  gales  "  number  about  260,  in  which  coal  and  iron  occur,  and  of 
this  number  not  less  than  65  were  in  operation  in  the  year  1879 
and  68  in  the  year  1880. 

Other  deposits  of  coal  occur  in  the  Gloucestershire  portion  of 
the  Bristol  coal-field.  A  considerable  section  of  the  Bristol  coal- 
field belongs  to  Somersetshire;  these  will  be  considered  in  a 
succeeding  chapter,  referring  to  the  East  Somerset  and  Bristol 
coal-fields. 

AnmlyMs  of  the  Forest  of  Deaa  Coal. — ^A  reference  to  the 
distribution  of  coal,  the  produce  of  the  Forest  of  Dean,  for  the 
years  1867,  1868,  and  1870,  will  sufficientiy  show  the  extent  to 
which  it  is  employed  in  the  industries  of  the  district  and  the  sur- 
rounding neighbourhood.  It  is  extensively  used  in  the  ironworks 
of  the  Forest,  being  previously  converted  into  coke.  It  is  also  in 
great  demand  for  household  consumption;  its  hardness,  large 
size,  and  good  burning  qualities,  rendering  it  especially  suitable 
for  this  purpose. 

In  the  Admiralty  investigation  on  the  coals  suited  to  the  Steam 
Navy,  the  coal  raised  at  the  Park  End  Colliery,  from  the  "  Park 
End  High  Delf,"  or  Lowry  Vein,  is  thus  referred  to  and  de- 
scribed. **  The  vein  is  generally  regular,  and  about  8  feet  thick, 
and  is  worked  long  work,  as  in  the  thin  veins  of  the  Staffordshire 
coal-field.    The  overlying  and  subjacent  strata  are  of  the  usual 
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kind  of  Bhale.  The  dip  Yftries  from  6  inches  to  2  feet  in  the 
yard,  or  from  one  in  six  to  two  in  three."  The  coal  is  described 
to  be  of  a  ''free  burning  character,  of  great  strength  and 
durability."  The  distance  from  the  shipping  port  of  Lydney  is 
6  miles.  The  current  price  in  summer  is  lOs.  per  ton ;  in  winter. 
Us.,  tree  on  board,  and  the  principal  markets  are  in  Ireland, 
Cornwall,  Cheltenham,  and  the  manufacturing  districts  of  Glou- 
cestershire and  Bridgewater  The  coal  examined  had  a  very  hard 
and  compact  structure,  with  a  clean  and  bright  fracture,  and 
contained  iron  pyrites  in  very  large  quantities  in  every  joint,  even 
when  broken  down  into  the  smallest  sized  pieces.  It  was  re- 
marked during  the  examination  that  the  coal  kindled  easily,  but 
that  it  made  a  very  dirty,  smoky  fire,  which,  at  the  ordinary 
working  draught,  caused  immense  volumes  of  dense  smoke  to 
appear  at  the  chimney  top.  When  the  draught  was  increased, 
the  fire  became  clearer,  but  then  the  rush  of  smoke  swept  the 
loose  soot  from  the  flues  and  chimney,  and  carried  it  out  in  large 
flakes  from  the  chimney  top.  If  the  draught  was  lessened,  the 
fire  would  hardly  bum,  and,  on  opening  the  doors,  the  whole 
place  was  instantly  filled  with  the  loose  ashes,  and  smoke  forced 
out  from  the  fire.  The  cinders,  ashes,  and  clinker,  were  of  a 
light  weight,  and  clean ;  the  clinker  contained  much  scoria,  some 
of  it  quite  vitrified.  The  Park  End  seam,  above  referred  to,  has 
the  annexed  composition  : — 

Resitlts  Tabulated. 

Carbon 73'52 

Hydrogen 6*69 

Nitrogen 2*04  * 

Sulphur 2-27"    - 

Oxygen 6*48    • 

Ash 10*00 

Total 10000 

The  specific  gravity  of  the  coal  is  1"283 ;  its  yield  of  coke,  67*8 
per  cent. ;  the  mean  weight  of  a  cubic  foot,  54*44  lbs.,  and  the 
economic  weight  or  space  occupied  by  one  ton,  41*14  cubic  feet. 

The  Coleford  High  Delf  and  Trenchard  seams,  extensively 
worked  in  the  Forest,  and  favourably  regarded  as  serviceable 
coals,  much  in  request  for  domestic  purposes,  the  small  being 
used  for  raising  steam,  are  thus  referred  to.  The  Coleford  High 
Delf,  worked  on  the  north-western  side  of  Dean  Forest,  in  the 


CHAP.  XV.] 


GLOUCESTESSHISE  COAL-FIELD. 


227 


neighbourhood  of  Symond  Yat,  on  the  River  Wye,  where  the 
seam  is  5  feet  thick,  is  thus  constituted.  Some  portions  of  the 
seam  in  the  High  Meadow  district  occasionally  yield  a  peculiar 
character  of  coal,  known  locally  as  '^  black  coal,"  containing,  by 
analysis,  87  per  cent  of  carbon.  The  Trenchard  Coal,  of  which 
the  analysis  appears  side  by  side,  has  a  thickness,  in  the  neigh- 
bourhood of  Lydney,  of  4  feet : — 

Besttlts  Tabtilated. 


Constitaents. 

Coleford  High 
DeLf. 

Trenchard. 

Carbon  .... 

Hydrogen.                 .     . 

Oxygen. 

Nibx)gen   . 

Sulphur. 

Aflh 

78-810 
5-303 
9-055 
1-750 
2-062 
3-020 

80-709 
5-425 
7-060 
0-735 
1-271 
4-800 

Total 

100-000 

100-000 

Ftoduction  of  Coal. — The  earliest  information  on  this  subject 
takes  us  back  to  the  year  1788,  when,  of  the  131  collieries  then 
existing  in  the  Forest,  90  were  in  operation,  producing  1,816  tons 
of  coal  per  week,  equivalent  to  an  annual  production  of  94,432 
tons.  The  first  railway  constructed  in  the  Forest  of  Dean,  and 
made  available  for  the  conveyance  of  mineral  traffic,  was  about 
the  year  1809,  from  Newnham  to  Churchway,  a  distance  of  seven 
and  a  half  miles.  A  careful  search  of  numerous  documents  and 
treatises  referring  to  the  Forest  oif  Dean  since  the  year  1788, 
has  not  been  fruitful  of  results  until  the  year  1854,  when  it 
appears  60  collieries  were  in  active  operation,  producing  420,866 
tons  of  coal.  In  subsequent  years,  as  in  1854,  the  returns  of 
production  of  coal  in  the  Forest  of  Dean  were  included  in  the 
total  produce  of  the  coal-fields  of  Gloucestershire,  Somersetshire, 
and  the  Anthracite  and  Lignite  deposits  of  Bideford  and  Bovey 
Tracey  in  Devonshire. 

The  following  figures  indicate  the  production  of  the  above- 
named  deposits,  as  published  for  the  year  1854 : — 


OOAIi   FIBLD8. 

Gloucestershire,  **  Forest  of  Dean  " 
Somersetshire,  **  Bristol  Coal  Field  " 
Devonshire,  Bovey  Tracey  lignite 
Bideford  Anthracite 


»> 


Total 


TONS. 

420,866 

1,050,000 

15,000 

6,500 

1,492,366 


Q2 
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In  the  year.lSSSy  and  until  1867|  the  retoms  include  the  out- 
put of  the  collieries  of  Gloucestershire,  Somersetshire,  and  Devon- 
shire, and  appear  as  follows : — 


NUXBKB  OF  COLLIERIBS. 

Produotton  of 
Goal. 

Tear. 

Olouoea- 

Somerset- 

Devon- 

tenhire. 

shire. 

shire. 

Tons. 

1855 

55 

31 

2 

1,430,620 

1856 

56 

29 

2 

1,530,000 

1857 

62 

35 

2 

1,226,000 

1858 

59 

35 

2 

1,125,250 

1859 

60 

35 

2 

1,250,000 

1860 

63 

37 

2 

• 

1861 

71 

40 

2 

• 

1862 

76 

42 

2 

1,760,000 

1863 

78 

41 

2 

1,950,000 

1864 

94 

37 

2 

1,950,000 

1865 

97 

37 

1 

1,875,000 

1866 

79 

35 

•  •  • 

1,850,700 

1867 

76 

34 

•  •  • 

1,975,000 

About  this  period  the  production  of  the  collieries  in  Dean 
Forest  is  separated,  and  is  shown  in  the  annexed  table,  with  the 
number  of  collieries  working  in  each  year.  The  totals  in  the  last 
column  include  the  production  of  Somersetshire  in  each  of  the 
years  from  1867  to  1878  :— 


FOREST  OF  DRAN. 

Total  of 
Gloacestershlre. 

Year. 

Nmnberof 
CoUieries. 

Coal  Produced. 

Tons. 

Tons. 

1867 

54 

847,667 

1,975,000 

1868 

54 

848,128 

1,969,000 

1869 

50 

852,125 

1,979,000 

1870 

44 

907,183 

1,955,960 

1871 

54 

837,893 

2,086,475 

1872 

59 

730,409 

« 

1873 

76 

790,374 

1,858,740 

1874 

71 

666,697 

1,147,272 

1875 

69 

702,080 

1,273,080 

1876 

69 

668,009 

1,257,547 

1877 

64 

638,319 

1,194,726 

1878 

60 

655,903 

1,147,605 

1879 

55 

779,428 

1,250,718 

1880 

63 

759,853 

l,195,930t 

Since  the  year  1873,  the  production  of  Gloucestershire  is  dis- 

*  Included  in  the  Monmoathshire  return, 
t  Return  H.M.  Inspectors  of  Mines. 
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tinguished,  and  includes  the  output  of  the  Forest  mines;  the 
difference  between  the  two  columns  in  later  years  will  be  coal 
raised  in  that  part  of  the  county  belonging  to  the  Bristol  district. 
For  the  years  1867  and  1868  the  coal  raised  from  the  Forest 
mines  is  shown  in  the  following  statement : — 


Workings.                                                 1867. 

1868. 

Gkdee's  return  of  quantities  worked  ex- 
clusive   of  colliery   consumptioii   and  • 
workmen's  allowance     .... 

Ck>nsumed  by  engines 

Oonsumed  by  workmen     .... 

Total  raisings                .    . 

Tons. 

777.677 

40,000 
30,000 

Tons. 

778,828 

40,000 
80,000 

847,677 

848,128 

The  following  are  the  quantities  of  coal  raised  in  the  several 
collieries  in  the  Forest  of  Dean  in  the  year  1880,  amounting  to 
759,868  tons  :— 


OOLUEBIIS. 

Aries  Level . 
BaHey  Hill     . 
BUaon 
Britannia 
Bridewell    . 
Brooming  Hold 
Ohapel  Quarry    . 
Ooalway  Hill  • 
GoalPitHiU 
Gross  £naves . 
OnunpMeadow  . 
DarkHill       . 
Deans  Meend 
Farmer's  Folly 
Foxes  Bridge 
Gentlemen  Colliers 
Hopewell  Engine 
Haywood 
HiUersLand 
Hawkin  • 
ibivention 
Ehoddey  Sump 
Lightmoor  . 
little  BrockhoUands 
Lonk  Level 
Little  Britain . 
Lydbrook  D.  Level 
Morses  Level  • 
N'ew  Fancy  • 
New  Found  Out 
New  Boad  Level. 
Old  Croft  Level      . 


TONS. 

2,011 

6,232 

4,482 

33,060 

58 

1,007 

1,120 

120 

362 

769 

76,173 

4,206 

3 

7,924 

126,978 

3,937 

4,331 

2,344 

80 

35 

313 

684 

60 

1,562 

618 

297 

5 

139 

8,382 

2,285 

1,154 

15 


Oanied  forward    .  288,746 


OOLLIBBm. 

Brought  forward 
Nagshead   . 
Old  Fire  Engine 
Patches 
Parkend. 
Prosper 
Princes  Boyal 
Parkhill      . 
Pluokpeny 
Besolution  . 
Boyal  Forester 
BoseinHand 
Begulator  No.  4 
Bionard  Winter 
Smith's  Delight 
Society 
Speedwell 
Soundwell  . 
Saint  Vincent 
Success 
Speculation    . 
Small  Profit 
Tormentor 
TraMgax    • 
TJnceitainty   . 
Unity. 
Yallet's  Level 
Wallsend    . 
Whirrley 
WorrallHiU 
Wiemell . 
Well  Level. 

Total 


TOH& 

288,746 

22,089 

14 

632 

8,093 

34 

2,665 

2,665 

179 

83,059 

66,976 

60,961 

665 

14,065 

2,345 

763 

1,994 

41,555 

1,643 

6,670 

18,694 

24,173 

1,416 

88,794 

595 

6,331 

779 

8,847 

654 

13,739 

50 

68 

.  759,858 
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nLrtribution  of  Ckml. — The  principal  shipping  ports  are  those 
of  Gloucester  and  Bristol,  from  which  considerable  quantities 
of  coal  are  sent  coastwise  and  to  foreign  countries.  Previous  to 
the  year  1881  an  export  duty  was  levied  on  all  coals  sent  out  of 
the  United  Kingdom,  but  in  that  year  the  duties  levied  on  coals 
sent  to  our  British  possessions  were  repealed,  and  it  was  not  till 
the  year  1850  that  the  duties  levied  on  coals  sent  to  foreign 
countries  were  wholly  repealed. 

The  respective  shipments  from  Bristol  and  Gloucester  were 
as  follows  in  each  of  the  years  given  since  1819  : — 


Year. 

BrLBtoI. 

Olounestcir. 

Total. 

Tons. 

Tons. 

Tons. 

1819 

3,711 

3,485 

7,196 

1821 

2,543 

15,615 

18,158 

1823 

4.427 

22,799 

27,226 

1825 

4,986 

14,077 

19,063 

1827 

6,658 

18,591 

25,249 

1829 

6,517 

•  •  • 

6,517 

1830 

6,517 

98 

6,615 

As  already  stated,  the  duty  on  coal  sent  to  our  colonial  pos- 
sessions was  repealed  in  the  year  1831.  In  the  two  previous 
years  the  duties  varied  from  8d.  to  Is,  per  ton.  At  the  same 
period,  the  duty  levied  on  coals  sent  to  foreign  countries  was 
Bs.  4d.  per  ton,  when  conveyed  in  British  ships,  and  68.  8d.  in 
ships  of  other  countries.  While  as  regards  cinders,  small  coal, 
and  culm,  the  respective  duties  were  2a.  per  ton  in  British  ships^ 
and  4«.  per  ton  in  those  of  other  countries. 

The  total  amount  of  duties  received  in  the  year  1880,  on 
604,419  tons,  was  £68,889  17a.  6(2.,  and  in  the  year  1882,  on 
688,446  tons,  £66,706  2a.  lOd.  During  the  few  years  prior  to 
the  total  abolition  of  all  duties  on  coal  exported,  the  quantities 
and  duties  received  were  as  under : — 


Yoar. 

Quantities. 

Duty. 

1847 
1848 
1849 
1850 

Tons. 
2,483,161 
2,785,300 
2,826,039 
3,351,880 

£        8.     d. 
4,195  12     5 
4,393    2  10 
3,233  13    2 
1,045  15     1 

In  each  of  the  above-named  years,  the  shipments  from  Bristol 
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and  Gloucester  were  as  follows;  the  amount  of  duty  does  not 
appear,  the  sum,  however,  will  have  been  inconsiderable  : — 


Year. 

Bristol. 

Glonoester. 

Total, 

1847 
1848 
1849 
1850 

Tons. 
10,968 
11,959 
15,479 
13,547 

Tons. 

112,202 

119,993 

89,272 

85,707 

Tonj). 

123,170 

131,952 

104,751 

99,254 

In  subsequent  years  the  total  exports  of  coal  are  shown  in  the 
following  table,  the  great  bulk  being  sent  coastwise  to  other  ports 
in  the  United  Kingdom : — 


Tear. 

1 

Bristol. 

Gloucester. 

Total. 

Tons. 

,     Tons. 

Tons. 

1852 

11,050 

89,229 

100,279 

1854 

13,425 

79,023 

92,448 

1856 

11,662 

97,288 

108,950 

1858 

12,084 

138,438 

150,522 

1860 

10,897 

163,982 

174,879 

1862 

5,791 

168,698 

174,489 

1864 

11,196 

172,104 

183,300 

1866 

10,944 

175,647 

186,591 

1868 

13,228 

171,859 

185,087 

1870 

11,854 

200,209 

212,063 

1872 

12,437 

345,876 

358,313 

1874 

7,353 

205,438 

212,791 

1876 

8,959 

172,053 

181,012 

1877 

7,146 

167,495 

174,641 

1878 

10,121 

202,785 

212,906 

1879 

12,110 

254,862 

266,972 

1880 

10,731 

218,496 

229,227 

From  the  above  table  it  will  be  seen  that  the  greatest  exports 
from  Bristol  and  Gloucester  took  place  in  the  year  1872, 
when  358,818  tons  were  shipped ;  of  this  quantity  844,450  tons 
were  shipped  coastwise  from  Gloucester,  and  1,426  tons  ex- 
ported to  foreign  countries,  the  shipments  from  Bristol  amounting 
to  12,295  tons.  Since  1872  a  decline  of  shipments  is  shown  from 
the  above-named  ports,  the  total  in  1880  being  but  229,227  tons. 

Some  interesting  details  of  the  distribution  of  the  Dean  Forest 
coal  appear  for  the  years  1867,  1868,  and  1870,  in  which  the 
quantities  carried  out  of  the  district  are  separately  distinguished 
from  that  used  locally,  and  in  the  ironworks  of  the  district.  The 
returns  for  these  years  are  as  follows : — 
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How  Distrilrated. 

1870. 

1868. 

1867. 

By  G.  W.  Bailway  from  Lydney 
From  Bnllo  Pill  Railway  . 
By  water  from  Lydney         .    . 
By  water  from  Bullo  Pill . 
Land  sales  in  the  Forest  and ) 

surrounding  districts        •     ) 
Consumed    by    engines    and ) 

workmen       •        .        •        ( 
Consumed  at   iron,  tin,  and ) 

wire  works  in  the  Forest .     ) 

Totals    . 

TonB. 

16,728 
284,819 
171,919 

96,307 

82,000 

70,000 

185,410 

Tons. 
7,617 

306,000 

168,404 

61,220 

80,000 

70,000 

154,887 

Tons. 

7,760 

300,000 

166,992 

59,380 

82,000 

70,000 

161,545 

907,183      1      848,128 

847,667 

The  earliest  return  of  coal  carried  by  the  Midland  Bailway  from 
Gloucestershire  is  for  the  year  1856,  showing  that  182,085  tons, 
compared  with  280,745  tons  in  the  year  1866,  and  226,648  tons 
in  the  year  1867,  were  carried.  The  following  shows  the  coal 
carried  from  collieries  in  Gloucestershire  since  the  year  1868 : — 


Tear. 

Qmuitities. 

Year. 

Quantities. 

Tons. 

Tons. 

1858 

174,840 

1871 

234,420 

1860 

227,265 

1872 

232,875 

1862 

223,606 

1873 

293,069 

1863 

233,174 

1874 

225,013 

1865 

246,625 

1875 

243,753 

1866 

230,745 

1876 

227,740 

1867 

226,643 

1877 

200,253 

1868 

210,138 

1878 

192,007 

1869 

215,718 

1879 

188,542 

1870 

219,010 

1880 

223,098 

The  quantity  carried  in  the  year  1880  was  228,098  tons,  the 
total  quantities  of  coal  carried  by  the  Midland  Railway  system 
the  same  year,  from  all  districts,  giving  an  aggregate  total  of 
12,888,910  tons. 

The  Gloucester  and  Berkley  Canal  Company  are  also  carriers 
of  coal  from  the  Forest  of  Dean  Collieries.  In  the  year  1878  the 
total  amounted  to  1,612  tons,  increased  to  4,888  tons  in  1874, 
and  in  the  years  1877  and  1880,  from  Dean  Forest  and  South 
Wales  respectively,  81,262  tons  and  14,691  tons. 

Price  of  Ck>aL — ^We  learn  from  the  **  Survey  of  Gloucester- 
shire,'* written  by  Mr.  Budge,  that,  in  the  beginning  of  the 
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present  centuiyy  house  coal  from  Dean  Forest  pits  was  sold  at 
Is.  per  ton,  and  smiths'  coal  for  58.  per  ton ;  much  of  the  coal 
consumed  in  the  city  of  Gloucester  and  the  neighbourhood,  at 
that  time,  being  principally  supplied  from  Shropshire  and  Staf- 
fordshire.   In  the  year  1870  prices  of  coal  were  as  follows : — 

COLLIERIEB,  FOBEST  07  DeAN. 

Hopewell,  Goleford,  6s.  6d,  and  6«. 
MiiOB  Level,  Coleford,  Ss,  6d,  to  8«. 
NelBon,  Coleford,  58,  6^.,  la,  and  Ss, 
Fillowcdl,  Lydney,  8«.  6c?. 
Boyal  Forrester,  Goleford,  6«.  and  7«. 

The  above  were  the  average  prices  per  ton  at  the  pit's  mouth. 

Here,  as  in  other  districts,  prices  have  fluctuated  since  the 
year  1870.  The  average  prices  ruling  in  1879  were  about  9«.  9d. 
per  ton  for  coal  (best  household),  and  for  slack,  4«.  9d.,  the 
highest  price  of  coal  being  148.,  and  the  lowest  Gs.  6d.  per  ton ; 
the  slack  ranging  from  d«.  6d.  to  Bs.  per  ton.  The  average  price 
at  the  pit's  mouth  in  1880  was  about  10s.,  and  slack  4a.  6^2. 
per  ton. 

Popnlatloii  Smployed. — ^In  the  year  1854  the  number  of 
persons  employed  in  coal  and  iron  mining,  in  the  Forest  of 
Dean,  was  2,218;  of  these  2,007  were  coal,  and  211  ironstone 
miners.  Twenty  years  later  the  total  persons  employed  amounted 
to  5,050,  of  whom  8,962  were  engaged  under  ground,  and  1,088 
above  ground.  Since  that  date  Her  Majesty's  Inspectors  of 
Mines  give  the  numbers  engaged  as  follows,  to  which  is  added 
the  produce  of  coal  and  the  individual  output  per  man  : — 


Tetr. 

Under  Gromid. 

Above  Orocnd. 

Total. 

Coal  Raised. 

Ayexage 
per  Man. 

Nob. 

Nob. 

No8. 

Tons. 

Tons. 

1874 

3,962 

1,088 

5,050 

671,232 

133 

1875 

3,803 

891 

4,694 

702,053 

149 

1876 

3,573 

861 

4,433 

619,805 

139 

1877 

3,468 

680 

4,148 

'.      627,401 

151 

1878 

3,291 

694 

3,985 

657,275 

165 

1879 

3,677 

614 

4,291 

788,501 

180 

1880 

3,207 

623 

3,830 

1 

720,123 

188 

These  figures  refer  exclusively  to  the  Forest  of  Dean  coal- 
field; the  population  employed  in  the  Bristol  district,  also  in 
Gloucestershire,  will  be  included  in  the  Somersetshire  coal-field. 
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Of  the  population  employed  in  1879  there  were  8,805  working 
under  ground  above  the  age  of  16,  and  of  those  above  ground, 
681  were  above  the  same  age,  the  remainder  being  under ;  while 
a  total  absence  of  female  labour  appears  throughout  the  Forest 
of  Dean,  as  well  as  the  Bristol  district. 

Resources  of  Coal-field  and  probable  Ihiration. — The  total 
area  of  the  Forest  of  Dean  coal-field,  as  recorded  by  the  Royal 
Coal  Commission,*  amounts  to  802,671  statute  acres,  one  foot 
thick.  Of  this  area,  the  portion  ahready  wrought  amoimts  to 
87,787  statute  foot  acres,  the  portion  imwrought,  deducted  for 
faults,  barriers,  supports,  &c.,  amounting  to  75,681  statute  acres, 
of  the  same  thickness,  leaving  unwrought,  and  likely  to  be  clear 
for  working,  189,208  statute  foot  acres.  In  this  computation, 
after  making  due  allowance  for  unavoidable  loss  and  waste  in 
working,  each  statute  acre  is  estimated  to  yield  1,400  tons,  giving 
a  total  quantity  of  coal  yet  available  (1870)  of  266,000,000  tons. 

Taking  the  production  of  the  year  1870,  as  recorded  in  the 
"Mineral  Statistics,"  907,188  tons,  the  coal  remaining  would 
last  for  292  years.  Since  1870,  however,  a  diminished  production 
appears,  that  of  1880  giving  but  769,858  tons.  The  total  yield 
during  the  past  ten  years  is  7,876,296  tons,  giving  an  average 
annued  output,  from  the  Forest  of  Dean  collieries,  of  787,629  tons. 
Making  the  necessary  deduction,  and  taking  this  average,  there 
yet  remains  available  267,628,705  tons ;  sufficient  to  last  for  a 
period  of  about  849  years. 

*  "  Coal    Commission  Beport,"  vol.   i.,  p.  IS,  Mr.  Joseph   Dickinson,  H.M. 
Inspector  of  Mines. 
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THE    BRISTOL    COAL-FIELD    IN    GLOUCESTERSfflRE    AND 

SOMERSETSHIRE. 

Qeneral  description  of  the  Bristol  and  Badstock  Coal  Basin — ^The  Clapton-in- 
Gordano  and  Severn  Basin,  and  the  Nailsea  Basin — Saccession  of  Strata — 
Analyses,  Prodnction,  and  Distribution  of  Coal — Prices  of  Coal — Population 
employed  in  Coal  Mining — ^Resources  and  probable  Duration  of  Coal-field. 

The  Somersetshire  and  Bristol  Ckml-field.— Few  coal-fields 
possess  more  interesting  features.  The  following  section  gives  the 
Buecession  of  rocks  and  their  average  thickness 


Trias 


Carlon%/erou$  system 


Old  Bed  Sandstone 


IBhoeticbeds  . 
New  Bed  Marl   . 
Dolomitio  Conglomerate 

Goal  meaaureB    • 
Millstone  grit 
CarboniferouB  limestone 
Lower  limestone  shales  . 

Old  Bed  Sandstone    . 


THICUIKSS. 
Feet. 
50 
300 
25 

5,000 
SOO 

3,000 
500 

4,000 


The  dolomitio  conglomerate  reposing  on  the  coal  measures, 
and  so  called  from  its  peculiar  character,  contains  hematite  iron 
ore  deposits ;  the  variable  thickness  however  of  this,  the  lower 
division  of  the  trias,  rarely  exceeding  from  25  to  80  feet  in  this 
area,  has  rendered  mining  operations  somewhat  uncertain,  and 
hence  the  deposits  have  been  developed  but  to  a  limited  extent. 
The  coal  measures  of  this  district  consist  generally  of  a  series  of 
shales  and  sandstones,  with  seams  of  coal  and  occasional  mea- 
snres  of  ironstones,  and  may  be  taken  in  their  average  depth  as 
having  a  thickness  of  not  less  than  6,000  feet.  These  measures 
are  divided  into  an  upper  and  lower  series,  between  which  inter- 
poses an  arenaceous  rock,  averaging  in  thickness  about  2,000 
feet,  and  known  as  the  *' Pennant  Grit,**  consisting  of  thick 
beds  of  sandstone,  varying  in  colour  from  grey  to  dark  red. 
These  beds  frequently  alternate  with  thin  shales,  and  occasion- 
ally a  seam  of  coal  interposes. 
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The  upper  and  lower  coal  measures  series  contain  productive 
seams  of  coal,  while  some  measures  of  ironstone  are  met  with  in 
the  lower  series.  The  Pennant  Grit,  however,  is  the  principal 
division  of  the  coal  measures  in  which  ores  of  iron  are  met  with, 
and  in  the  neighbourhood  of  Bristol  these  ores  have  been  wrought 
in  several  localities. 

In  the  millstone  grit,  at  the  base  of  the  coal  measures,  beds  or 
courses  of  iron  ore  are  occasionally  met  with ;  the  millstone  grit, 
it  may  be  stated,  is  familiarly  known  as  the  **  Farewell  Bock,*' 
from  the  fact  that  when  reached  there  is  no  longer  any  probability 
of  meeting  any  coal  in  depth.  The  millstone  grit  in  Somerset- 
shire and  Gloucestershire  has  a  varying  thickness.  In  the 
Mendip  Hills  it  does  not  exceed  500  feet  in  thickness,  while  in 
the  Bristol  area  it  may  be  taken  as  varying  from  800  to  1,000 
feet.  It  is  composed  of  beds  of  sandstone,  grit,  hard  and  close 
grained,  thin  beds  of  sandy  shale,  with  occasional  seams  of  coal 
and  beds  of  conglomerate  containing  quartz  pebbles. 

The  carboniferous  or  mountain  limestone  upon  which  the  mill- 
stone grit  reposes,  is  also  a  repository  of  the  ores  of  iron  in  this 
area :  it  is  made  up  of  numerous  beds  of  grey  and  blue  limestone, 
interstratified  here  and  there  with  chert  in  bands  and  strings. 
These  beds  are  traversed  by  joints,  veins  and  faults,  in  which  are 
found  the  deposits  of  ore  in  irregular  veins,  pockets,  and  fissures. 
The  true  carboniferous  limestone  in  this  area  has  an  average 
thickness  of  8,000  feet  and  rests  upon  the  lower  limestone  shales, 
the  lowest  member  of  the  carboniferous  system,  having  an 
average  thickness  of  not  less  than  600  feet,  and  forming  as  it  were 
a  passage  between  the  old  red  sandstone  and  the  carboniferous 
limestone:  it  consists  of  shales  and  limestones,  occasionally 
sandy  and  micaceous,  varying  in  colour  from  blue  to  grey,  and 
brown,  while  in  the  uppermost  part  are  beds  of  tough  bluish 
limestone. 

Three  coal  basins  in  isolated  tracts  occur  in  the  area  of  the 
Somerset  and  Bristol  coal-field,  namely,  that  of  Bristol  and 
Badstock ;  of  Clapton-in-Gordano ;  and  Nailsea. 

The  Bristol  and  Badstock  Ck>al  Basm.-The  extreme  length 
of  this  coal-field  firom  its  northern  apex  at  Cromhall  to  the  flanks 
of  the  Mendips  is  about  twenty-five  miles ;  at  Frampton  Cotterell 
it  has  an  average  width  of  four  and-a-half  miles,  firom  [Stapleton 
to  Mangotsfield  about  five  miles,  and  a  line  drawn  from  Bristol 
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eastward  to  Naishcombe  Hill  about  six  miles.  In  the  above 
area  the  coal-field  may  be  conveniently  divided  into  two  sections, 
or  into  a  northern  and  southern  basin,  separated  by  the  Kings- 
wood  anticlinal,  which  forms  a  natural  division.  Mr.  McMurtrie 
remarks  that  the  whole  of  the  northern  part  of  the  coal-field 
commencing  at  Eingswood  has  been  raised  to  a  higher  elevation 
than  the  Somersetshire  end  of  the  basin,  and  it  has  thus  been 
more  exposed  to  those  powerful  denuding  forces  which  have 
swept  over  the  district.  In  the  northern  basin  the  upper  coal 
measures  yield  but  four  workable  seams  of  coal.  At  Coal  Pit 
Heath  the  succession  of  beds  is  illustrated  by  the  following 
section : — 

Fboo  Lanb  Fit,  Coal  Frr  Hsath. 

{From  the  Beportoftlie  Boyal  Coal  Commiasion,) 

Ft.  Id. 

Coal  measures     .                         .        .        .  455  2 

Bag  Coal 0  10 

Coal  measures 16  0 

Top  or  Haid  Coal 2  0 

Ooalmeasores 71  6 

Stinking  Seam 0  6 

Co^  measures 10  0 

HdybushSeam 2  0 

Coal  measures 68  0 

High  Seam  (in  two  bands) 4  0 

In  the  southern  or  Badstock  basin  the  following  section  shows 
the  succession  of  strata  in  the  district  at  the  Paulton  Engine  Pit : — 


Paulton  Engine  Prr. 
{From  the  Beport  of  the  BoyaJ  Coal  CommimonJ) 


Coal  measures 
Cheat  Seam   • 

Coal  measures 
Uppet  little  Seam 

Coal  measures 
Middle  Seam . 

Coal  measures 
Slyving  Seam 

Coal  measures 
Under  little  Seam 

Coal  measures 
Bull  Seam 


Ft. 

In. 

US 

0 

2 

0 

34 

0 

1 

6 

82 

6 

1 

1 

82 

11 

1 

10 

32 

2 

0    9 


The  dapton-in-Oordaiio,  and  BeTem  Basin.— This  coal  tract, 
the  exposed  portion  of  which  lies  between  Clevedon  and  Port- 
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bury,  has  in  recent  years  been  the  subject  of  much  interest  occa- 
sioned by  the  discovery  of  coal  measures  in  the  bed  of  the  Severn, 
east  of  Almondbury.*  The  following  is  the  account  of  a  boring 
made  near  to  Clapton  Farm :  + — 

Ft.  In. 

Soil  and  New  Bed  Sandstone      .                .        .                .  10    0 

Dolomitic  conglomerate 110 

Pennant  Grit 114    0 

Bed  of  marl  with  water 10 

Pennant  Grit 20    0 

Clay 5    2 

Coal 0  10 

Shales 60    0 

Pennant  Grit 220    0 

Shales 5    0 

Pennant  Grit 63    0 

Total 510    0 


Coal  also  appears  to  have  been  foimd,  one  seam  four  feet 
thick,  in  the  railway  cutting  at  Almondbury,  and  at  Cattybrook, 
burning  freely  with  a  white  ash ;  these  seams  lying  almost  verti- 
cally appear  to  have  been  worked  during  the  past  century,  from 
the  fact  that  old  tokens  (1766)  of  the  Birmingham  Mining  Com- 
pany have  been  found  there. 

ITailsea  Basin.— The  upper  coal  measures  are  absent  in  this 
basin ;  at  Nailsea  the  Pennant  Grit  occupies  all  the  central  part 
of  the  valley  about  Nailsea  church  and  village,  and  is  seen  to 
pass  westwards.  Its  maximum  thickness  at  Nailsea  appears  to 
be  about  160  yards,  and  it  contains  a  good  seam  of  workable  coal 
known  as  "  Grace's  Seam,"  three  feet  thick,  which  has  been 
extensively  wrought  from  several  shafts  in  the  neighbourhood  of 
Nailsea  church.^  In  the  upper  series  of  coal  measures  there  are 
16  seams  of  coal,  in  the  Pennant  series  from  two  to  three,  and  in 
the  lower  series  26  seams  in  the  central  area,  decreasing  to  seven 
in  the  northern  area. 

The  Radstock  group  contains  eight  seams,  varying  from  10 
inches  to  two  feet  four  inches,  and  even  more  in  thickness,  giving 
from  70  to  100  feet  thickness  of  coal.  The  group  in  the  Far- 
ringdon  series  has  eight  seams,  varying  from  1  foot  to  8  feet 

•  "  Royal  Coal  Ck>mini88ioii  Report,"  vol.  i.,  p.  67. 

t  "  Coal-fields  of  Gloucestershire  and  Somersetshire,"  p.  55. 

X  *^  Coal-fields  of  Gloucestershire  and  Somersetshire,"  p.  66. 
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10  inches  in  thickness.  Again,  at  Goal  Pit  Heath,  and  Parkfield 
in  Gloucestershire,  there  are  six  seams,  Yar}dng  in  thickness  from 
18  inches  to  2  feet  10  inches. 

The  Nettlebbidge  district  contains  four  seams  of  coal  in 
the  Pennant  Grit  which  have  been  occasionally  worked ;  the  coal 
wrought  from  these  seams  is  mostly  small,  and  the  hardness 
of  the  rock  and  the  presence  of  water  renders  the  working  of 
these  thin  seams  unprofitable.  The  lower  coal  measures  contain 
the  most  valuable  and  the  greatest  number  of  coal  seams,  which 
are  also  those  most  extensively  worked.  In  the  Nettlebridge 
Valley  this  series  comprises  about  25  seams,  varying  in  thickness 
from  15  inches  to  6  feet.  At  Bitton  Bristol  and  Kingswood 
there  are  about  29  seams,  varying  in  thickness  from  1  foot  to 
6  feet.* 

Coal  has  been  wrought,  though  not  in  considerable  quantities, 
for  three  or  four  centuries,  in  the  Nettlebridge  Valley,  and  pro- 
bably in  the  neighbourhood  of  the  Bristol  coal-field.  In  the 
working  of  the  coal  seams,  the  ''long  wall*'  system  is  that 
usually  adopted,  and  Mr.  W.  W.  Smyth  observes,  "that  the 
mode  of  working  adopted  in  the  district,  coupled  with  certain 
local  advantages,  has  rendered  it  possible  to  work  coal  seams  of 
little  more  than  one  foot  thick."  t  At  the  Writhlington  collieries 
a  seam  is  worked  which  often  does  not  exceed  8  to  10  inches  in 
thickness.  This  would  not  be  worked  if  it  were  continuously  of 
such  small  size,  but  its  ordinary  thickness  is  14  inches  in  the 
neighbourhood  of  Badstock. 

Underground  water  appears  rarely  to  interfere  with  the  working 
of  coal  in  this  coal-field;  in  reference  to  this  point  Professor 
Frestwich  observes  that ''  the  faults  as  usual  assist  in  impeding 
the  circulation  of  underground  water.  But  probably  this  is 
o?ring  to  the  great  extent  of  secondary  rocks  covering  and  pro- 
tecting the  outcropping  edges  of  the  coal  measures  from  rain  and 
surface  waters."  1  In  some  districts,  however,  as  at  Kingswood, 
the  water  accumulated  in  the  old  workings  is  a  source  of  great 
danger  to  modem  collieries,  so  much  so,  that  the  fear  of  tapping 
them  has  retarded  to  some  extent  mining  operations. 

*  "  East  Somerset  and  Bristol  Coal-field,"  pp.  32,  33. 
t  "  Coal  and  Coal  Mining,"  1867,  p.  64. 
t  "  Coal  Commission  Report,"  vol.  i.  p.  41. 
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Analyses  of  tbe  Coal.— A  few  examples  of  the  constitaents  of 
the  coals  raised  in  the  Bristol  coal-field  will  show  generally  their 
commercial  value.  The  coals  from  the  Badstock  seams  are 
usually  considered  as  the  best  for  household  purposes ;  they  bum 
briskly,  make  a  clear  fire,  and  as  they  give  out  a  great  heat  are 
valuable  as  a  cooking  coal,  and  leave  but  a  small  quantity  of  ash. 
The  Hard  Vein  or  Top  Coal,  the  uppermost  seam  of  the  work- 
able coal,  having  a  rock  roof  of  considerable  thickness  above,  the 
seam  largely  composed  of  stems  of  calamites,  &c.,  in  the  body 
of  the  coal,  causing  some  difficulty  in  working  it  free  from  shales 
and  impurities.  Another  seam,  lower  in  the  series,  is  the  "  Holy- 
bush,"  a  coal  tolerably  hard  and  suitable  for  gas  manufacture. 
Analyses  of  these  seams  give  the  annexed  results : — 


. 


Constituent!). 

Hard  Seani.            Holybush  Beam. 

Ash        .... 
Fixed  Carbon    .        .     . 
Volatile  matter 
Water 

Specifio  gravity 
Sulphur     .        .        .     . 

4-27                      5-93 
63-55                    59-10 

1       32-18                   34-97 

100-00                  100-00 

1-28 
1-625 

1-28 
1-64 

One  pound  of  coal  of  the  Hard  Seam  will  convert  13*80  lbs.  of 
water  into  steam  at  the  temperature  of  212^  Fahr.  The 
evaporative  power  of  the  Holybush  Seam  being  14*40  lbs.  of  water 
converted  into  steam  under  the  same  conditions. 

The  "  Great  Vein  "  of  the  Kingswood  series,  and  indeed  of  the 
Bristol  coal-field,  is  greatly  valued  as  a  steam  coal,  and  is  exten- 
sively used  in  the  Bristol  district  as  a  house  coal;  the  seam 
averages  from  4  ft.  6  in.  to  5  ft.  in  thickness,  is  easily  wrought, 
though  requiring  much  timbering  to  keep  the  roads  secure  and 
the  workings  safe;  and  it  is  said  to  be  very  free  from  dirt. 
Other  good  workable  seams,  the  "  Two-foot,"  or  "  Little  Toad 
Vein,"  and  the  "  Lower  Fire  Coals,"  may  be  referred  to ;  this 
last  seam  is  made  up  of  five  coals  with  shaly  partings,  the  latter 
collectively  2  ft.  thick,  leaving  8  ft.  of  coaJ.  The  top  of  this 
seam  is  sound,  and  the  ironstone  measures  in  the  roof  render  it 
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a  valuable  seam.     The  above-named  coals  show  the  amiexed 
results  on  analyses : — * 


Constituents. 

Great  Vein. 

Little  Toad 
Vein. 

Lower  Five 

Coftls. 

Ash        .... 
Fixed  Carbon    .        .    . 
Water    .... 
Volatile  matter .        .    . 

Sulphur 

Specific  gravity         •    . 

0-84 
70-84 

1-50 
21-82 

9-59 
69-80 

1-43 
19-18 

7-64 
68-10 

24-26 

100-00 

100-00 

100-00 

1-16 

•  •• 

1-80 

... 

1-85 
1-34 

Production  and  Distribution  of  Coal.~In  the  beginning  of 
the  present  century  there  were  24  collieries  in  Somersetshire, 
with  a  total  of  29  pits  from  which  coal  was  drawn ;  they  were 
distributed  as  follows  in  districts : — 


Districts. 

Collieries. 

Pits. 

Nettlebridge  . 

Paulton     .        .        .    . 

HadBtock 

Total    . 

7 

10 

7 

8 
14 

7 

24                     29 

At  the  time  referred  to  (1800)  careful  inquiries  assume  that  20 
tons  of  coal  were  daily  drawn  from  each  pit,  giving  an  annual 
production  of  185,640  tons;  since,  however,  many  of  the  col- 
lieries would  lie  idle  in  summer,  and  all  of  them  working  leisurely, 
it  is  estimated  that  not  more  than  140,000  tons  were  raised. 
The  general  character  of  the  coals  raised  will  appear  from  the  fol- 
lowing remarks  by  Professor  Prestwich:t — "The  quality  of  the 
coals  of  the  Somersetshire  and  Gloucestershire  coal-field  is  not 
such  as  to  compete  for  household  purposes  with  the  Newcastle 
coals  in  other  markets,  owing  to  their  leaving  an  ash  in  burning. 
Many  of  the  seams  are  otherwise  of  a  good  and  useful  descrip- 
tion, whilst  others  are  extremely  well  adapted  for  steam  and 
locomotive  purposes,  for  gas  making,  and  some  are  especially 

*  *'Tlie  Bristol  Coal-field/*  a  paper  read  before  the  British  Association,  at 
Bristol,  1875. 
t  *'  Coal  Comxaiseion  Report,"  vol.  L,  p.  39. 
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valuable  as  smiths*  coal  and  for  iron  smelting.  With  the 
exception  of  their  use  for  the  latter  purpose,  which  even  now 
leads  them  to  be  sent  to  Reading  and  as  far  as  Birmingham,  they 
are  not  likely,  for  the  present  at  all  events,  to  be  much  sought 
after  for  a  distant  supply.** 

The  seams  in  the  upper  coal  measures  at  Badstock  and  Far- 
rington  furnish  good  household  coals,  those  in  and  around  Bristol 
are  chiefly  used  for  gas  manufacture.  The  lower  coal  measures 
in  Gloucestershire  furnish  some  good  household  coals,  particu- 
larly the  Kingswood  "  Great*  Seam;"  they  also  yield  smiths', 
coking,  and  steam  coals.  In  the  Nettlebridge  valley  the  seams 
generally  afford  good  smiths'  or  coking  coal. 

In  the  year  1864  Messrs.  Greenwell  and  McMurtrie  gave  the 
following  as  tlie  number  of  collieries  and  pits  in  the  Badstock 
district ;  they  were  : — 


Districts. 

1 

Collieries.                   Pits. 

Nettlebridge  . 
Radstock  .        .        .     . 
Paulton 

4 
10 
12 

4 
13 
12 

Total    . 

26 

29 

The  estimated  daily  output  in  the  same  year  being — Nettle- 
bridge, 290  tons;  Paulton,  650  tons;  and  Radstock,  1,160  tons, 
giving  a  daily  total  yield  of  2,100  tons.  Making  due  allowance 
for  inactivity  during  the  summer  months,  the  annual  production 
of  coal  did  not  exceed  600,000  tons.  In  the  year  1867  the 
output  of  these  collieries  amounted  to  413,678  tons ;  the  details 
are  thus  given  : — 


Districts. 

Coal.                     Slack. 

Total. 

Nettlebridge  . 
Badstock  .        .        .    . 
Paulton 

Tons.                      Tons. 

10,919  '  8,081 
219,502  I  38,940 
110,846      1       25,390 

Tons. 

19,000 
258,442 
136,236 

Total    . 

341,267      1       72,411  . 

413,678 

In  order  to  arrive  at  the  total  returns  of  coal  raised  in  Somer- 
setshire it  is  necessaiyto  add  an  additional  return  of  six  collieries 


CHAP.  XVI.]  THE   BRISTOL  COAL-FIELD.  243 

in  the  Eadstock  district,  ncr*^  ^,^ed  in  the  above,  also  coal 
allowance  to  workmen,  and  engine  coal.  The  outi)ut  of  the 
Badstock  collieries  would  therefore  stand  as  follows  for  the  year 
1867 :—  * 

TOWS. 

Hetums  received 413,678 

Badstock  (additional) 115,000 

Workmen's  coal 7,000 

Engine  coal 10,000 

Total 645,678 

For  a  few  years  the  collieries  in  the  Eadstock  and  Nailsea  dis- 
tricts are  separately  distinguished,  producing  coals  in  the  follow- 
ing quantities : — 


Year. 

Badstock. 

Nailsea. 

Tons. 

Tons. 

1863 

•  •  • 

22,295 

1864 

600,000 

33,234 

1867 

545,678 

23,224 

1868 

586,000 

20,000 

1869 

539,000 

«  •  ■ 

The  production  of  the  Nailsea  collieries  in  1868  was  distributed 
as  follows : —  f 

Distribution  and  Uses. 

TONS. 

The  glass  works  consumed 15,500 

?ales  in  the  country  around 3,000 

Ensine  coals  and  pit  fires 1,250 

Comers'  allowance 250 

Total 20,000 


Since  the  year  1870  the  output  of  the  collieries  in  the  Somerset 
coal-field,  together  with  the  produce  of  collieries  in  the  Bristol 
district,  are  available,  and  are  given  in  the  following  quantities, 
with  the  total  number  of  collieries  in  both  divisions  of  the  coal- 
field; the  production  of  Somersetshire,  in  1880,  amounting  to 
757,802  tons,  and  the  Bristol  Coal-field  475,807  tons,  giving  a 
total  of  1,233,609  tons,  compared  with  1,048,567  tons  in  the 
year  1870  :— 


*'  Coal  Commi&sion  Report,"  vol.  iii.,  p.  127. 


t  Ibid.,  12G. 
It  2 
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Year. 

SOMERSETSHIRE. 

BRISTOL. 

TOTAL. 

Collieries. 

Coal. 

Collieries. 

Coal. 

Collieries. 

Coal. 

1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

No8. 

34 

35 

33 

34 

38 

40 

45 

41 

39 

39 

39 

Tons. 
525,000 

673,878 

♦ 

♦ 

609,684 
654,878 
650,415 
666,500 
693,000 
767,930 
757,802 

XOR. 

18 
18 
15 
16 
18 
20 
21 
20 
21 
22 
22 

Tons. 
523,567 

573,704 

♦ 

♦ 

480,275 
571,000 
589,538 
556,407 
539,121 
471,290 
475,807 

Nos. 
52 
53 
48 
50 
56 
60 
66 
61 
60 
61 
01 

Tons. 
1,048,567 
1,247,582 
l,280,000t 
1,068,366 
1,089,959 
1.225,878 
1,239,953 
1,222,907 
1,232,121 
1,239,220 
1,233,609 

The  returns  for  the  year  1880  giving  an  increase  of  185,042  tons 
beyond  those  of  1870,  and  showing  that  while  the  Somerset 
area  of  the  coal-field  has  increased  its  production  to  the  extent 
of  282,802  tons  in  the  period,  the  collieries  of  the  Bristol 
district  have  fallen  off  to  the  extent  of  47,760  tons.  The  distri- 
bution of  the  Somersetshire  coal-field  is  mainly  effected  by  the 
Great  Western  Railway,  which  system  carried  from  the  Badstock 
district  coals  in  the  following  quantities  since  1866 : — 


Year. 

QuAntitfes. 

Year. 

Quantities. 

Tons. 

Tons. 

1865 

211,936 

1873 

237,372 

1866 

211,948 

1874 

204,890 

1867 

222,948 

1875 

199,456 

1868 

254,134 

1876 

183,691 

1869 

271,326 

1877 

195,492 

1870 

294,310 

1878 

202,031 

1871 

306,732 

1879 

203,988 

1872 

261,657 

1880 

1 

258,482 

The  great  bulk  of  the  above  quantities  were  carried  over  the 
main  line  of  the  Great  Western  Railway,  quantities  not  exceeding 
one-tenth  of  the  above  being  passed  over  the  stations  beyond 
their  system.  The  Westbury  Iron  Company  in  Wiltshire,  it 
may  be  observed,  derive  their  supplies  of  coal  for  their  blast 
furnaces  from  their  own  collieries  in  the  Nettlebridge  Valley. 

Prices  of  Coal  at  tlie  Fit's  montli. — During  the  years  1868 
and  1869,  the  best  varieties  of  house  coal  obtained  from  the 
Easton  and  ^yhitehall  Collieries  in  the  Bristol  district,  varied  at 

*  Production  included  in  South  Wales  district, 
t  Production  estimated. 
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the  pit's  mouth  from  10a.  to  IQs,  per  ton ;  and  coal  suitable  for 
steam  purposes  from  58,  to  6«.  per  ton,  the  cost  of  cartage  to 
Bristol  being  28.  and  to  Clifton  8a.  per  ton. 

The  coal  of  the  Ashton  Yale  and  Bedminster  Collieries  in  the 
Paulton  district  were  quoted  at  the  same  period:  Bedminster 
screened^  10a.  6cL ;  picked  lumps,  13a. ;  Ashton  Vale  slack,  5a. 
per  ton.  In  the  Eadstock  district  in  1870  the  best  yarieties  of 
coal  were  quoted  as  follows : — Bull  Hall  coal,  11a.  8d,  to  14a.  2d. ; 
slack,  4a.  dd.  to  5a.  6d, ;  Coal  Fit  Heath,  from  7a.  to  10a.,  and 
slack,  4a.  per  ton ;  while  in  the  Paulton  and  Bedminster  Collieries 
coals  varied  from  8a.  to  11a.,  and  slack  from  8a.  to  7a.  per  ton. 

In  the  year  1880  in  the  Bristol  district  the  average  prices  of 
best  house  coals  at  the  pit's  mouth  was  9a.  9d.,  and  in  Somerset- 
shire generally  about  10a.,  the  highest  price  obtained  for  coals 
being  14a.,  and  the  lowest  6a.  lOd.  per  ton ;  slack  varied  from 
2a.  4rf.  TO  5a.,  the  average  being  4a.  per  ton. 

Popnlatioii  employed  in  Coal  Kining. — In  the  year  1854  the 
number  of  persons  of  all  ages  engaged  in  coal  mining  was 
5,180,  and  in  iron  mining  68.  There  is  no  information  available 
in  subsequent  years  showing  the  numbers  of  persons  employed 
until  the  year  1878,  arising  from  the  fact,  that  in  intervening 
years  the  numbers  thus  engaged  were  included  in  other  districts. 
In  1878  and  since  ample  infoimation  is  available,  giving  the 
number  of  persons  employed  underground  and  above  ground, 
distinguishing  the  Somersetshire  from  the  Bristol  area  of  the 
coal-field.*  The  numbers  engaged  in  Somersetshire  were  as 
follows,  with  the  quantity  of  coal  raised,  to  which  is  added  the 
average  produce  per  person  in  each  year  : — 

SOMEBSETSHIltE  AhEA  07  THE  CoAL-FIELD. 


PCBSOKB  KMPLOYED. 

1 

ToUl.        1 

■1 
1 

Coal  Raised. 

Average  per 
Man. 

Year. 

Under 
Ground. 

Above 
Ground. 

1874 
1875 
1876 
1877 
1878 
1879 
188Q 

3,707 

3,674 

3,631 

3,347 

3,348  ' 

3,464 

3,iH>8 

N08. 

967 
916 
891 
783 
844 
786 
757 

4,674 
4,590 
4,522 
4,130 
4,192 
4,250 
4,265 

Tons. 
609,039 
640,508 
650,714 
670,256 
692,942 
742,060 
757,802 

Tons. 

130 

139 

144 

164 

163 

174 

178 

*  H.M.  In8i)ectoT8  of  Mines'  Reports,  1874  to  1880. 
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The  efficiency  of  tlie  mines  in  tliis  division  of  the  coal-field 
shows  favourably  in  1880  compared  with  1874,  to  the  extent  of 
48  tons  per  man,  equivalent  to  an  increase  of  83  per  cent. 

In  the  Bristol  division  of  the  coal-field  the  numbers  of  persons 
employed  were  as  under,  with  the  coal  produced,  and  the  average 
yield  per  man : — 

Bristol  Abea  of  the  Coal-field. 


Year. 

PERSONS  EMPLOYED. 

Total. 

Coal  Raised. 

Average  i^cr 
Man. 

Under               Above 
GroumL            Gniuiicl. 

1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 

2,713 
2,782 
2,518 
2,516 
2,305 
2,362 
2,382 

Nos. 
600 
675 
607 
618 
590 
606 
578 

Nos. 
3,313 
3,457 
3,125 
3,134 
2,895 
2,968 
2,960 

Tons. 
497,042 
571,050 
541,853 
518,995 
482,129 
501,559 
475,807 

Tons. 

150 

165 

173 

166 

166 

169 

160 

In  that  paii;  of  the  Bristol  coal-field  in  Somersetshire  a  stead}' 
increase  per  man  appears  in  1880  compared  with  1874.  However, 
to  an-ive  at  average  results  for  the  whole  coal-field,  it  is  neces- 
sary that  bodi  districts  should  be  summarised ;  the  result  is  as 
follows : — 

Somerset  and  Bristol  Coal-field. 


Year, 

PERSONS  EMPLOYED. 

Total.                Coal  Raised. 

1 

Average  per 
Man. 

Under 
Ground. 

Alx)ve 
Ground. 

1874 
1875 

1876 
1877 
1878 
1879 
1880 

Nos. 
6,420 
6,456 
6,149 
5,863 
5,653 
5,826 
[5,890 

Nos. 
1,567 
1,591 
1,498 
1,401 
1,434 
1,392 
1,335 

Nos.                       Tons. 
7,987             1,206,081 
8,047     .        1,211,558 
7,647             1,192,567 
7,264             lfl89.2ol 
7,087   •    .      1,175,071   ' 
7,218             1,243,619 
7,225             1,233,609 

Tons. 

151 

150 

156 

163 

163 

172 

171 

Besonrces  and  probable  Dnration  of  the  Coal-field. — This 
coal-field  has  an  area  of  238  square  miles,  14  of  which  are 
exposed,  including  that  part  in  Gloucestershire.  The  coal-field 
is  remarkable  fi:om  the  circumstance  of  so  large  a  portion  of  it 
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being  covered  by  the  New  Red  Sandstone,  Lias,  and  Oolites, 
under  which  it  is  worked  to  a  considerable  extent.  Its  area  may 
be  divided  into  three  joortions.* 

Extent  of  the  Someesetshire  and  Bristol  Coal-field. 

A£CA  IK  ACEB8. 

Portion  of  exposed  coal  measures  .....  30^580 
Portion  of  coal  measures  covered  by  and  worked  under 

the  newer  formations 24,111 

Portion  of  coal  measures  covered  by  the  newer  formations 

and  not  yet  worked 98,089 

Total  extent  of  the  Coal  Measures  .    .    152,780 


The  coal  already  wrought  is  estimated  to  cover  an  area  of 
24,111  acres,  each  acre  being  estimated  to  yield  1,600  tons  of 
one  foot  thick,  an  allowance  of  from  one-tenth  to  one-third 
being  made  for  waste  in  working,  faults,  &c.  The  quantity  of 
coal  already  wrought  amounts  to  114,024,685  tons,  obtained  as 
follows  :— 

COAL  XIA8URKS.  TOITS. 

From  the  Upper  Series 49,698,786 

„        Pennant  Grit 1,245,025 

„        Lower  Series 58,080,874 

„        sundry  small  pits    .                 .        .        .     .  5,000,000 

114,024,685 

All  this  coal,  except  27,000  tons,  has  been  wrought  at  a  depth 
not  exceeding  1,500  feet,  tlie  27,000  tons  being  wrought  at  a 
depth  of  from  1,500  feet  to  1,940  feet. 

The  total  coal  remaining  unwrought  and  available  for  use  to  a 
depth  of  9,000  feet  is  estimated  to  amount  to  6,944,810,982  tons, 
from  which  a  deduction  of  one-fifth  is  made  for  possible  over 
estimates  on  the  coals '  of  the  lower  series  (amounting  to 
4,200,000,000),  equal  to  840,000,000  tons,  leaving  the  total  of 
workable  coal  remaining  unwrought  as  above  stated  6,944,810,982 
tons.  Or,  taking  the  total  at  all  depths  down  to  4,000  feet,  there 
3-et  remains  available  for  future  supplies  4,218,970,762  tons. 
The  distiibution  of  tlie  coal  is  as  follows  to  the  depth  of 
9,000  feet :— 


*  u 
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TOKS. 

1.  Not  exceeding  1,500  ft 1,718,791,280 

2.  Between  1,500  ft.  and  3,000  ft 1,519,997,981 

3.  „        3,000  ft.  and  6,000  ft 2,227,531,577 

4.  „        6,000  and  9,000  ft 637,990,144 


Total  to  9,000  ft.    .        .        .     6,104,310,982 


Total  to  4,000  ft.    .        .        .    4,218,970,762 

Professor  Prestwich  observes  with  regard  to  the  duration  of 
the  coal-field :  The  present  quantity  of  coal  wi'ought  in  this 
coal-field  has  been  calculated  to  vary  from  750,000  tons  (1859)  to 
1,000,000  tons,  at  which  latter  Mr.  Cossham  estimated  it  in 
1868.  Adopting  the  latter  estimate,  the  quantity  of  coal  remain- 
ing un\vTought,  at  this  rate  of  consumption,  is  sufficient,  supposing 
the  whole  quantity  to  be  available,  for  6,104  years,  or  supposing 
a  limit  in  depth,  the  duration  of  the  supplies  from  the  respective 
zones  would  be  as  under : — 

TEARS. 

1.  Not  exceeding  1,500  ft.  sufficient  for        .        .        .        .1,719 

2.  Between  1,500  and  2.000  ft.  sufficient  for     .        .        .     .     1,520 

3.  „        3,000  and  6,000ft.  „  ....     2,227 

4.  „    6,000  and  9,000  ft.     „      ....   638 

6,104 

Or  the  total  to  tlie  depth  of  4,000  feet  may  be  estimated  as 
equal  to  a  supply  for  4,219  years.* 

Taking  the  production  of  Somersetshire  as  recorded  in  the 
**  Mineral  Statistics,  1870,"  amounting  to  1,048,567  tons,  and 
dealing  with  the  above  available  quantities,  sufficient  supplies 
would  be  ensured  by  the  store  of  coal  to  the  depth  of  9,000  feet 
for  5,821  years,  and  to  the  depth  of  4,000  feet  for  4,024  years. 

Again,  deducting  the  production  of  the  past  ten  yeai's  (amount- 
ing to  11,894,553  tons),  from  the  original  quantities  unwrought, 
there  remained  at  tlie  end  of  1879  to  the  depth  of  9,000  feet 
6,092,416,429  tons,  and  to  the  depth  of  4,000  feet  4,207,076,209 
tons,  which  at  the  average  production  of  the  ten  years  (1,189,455 
tons)  would  aflFord  supplies  at  the  former  depth  for  5,122  years, 
and  the  latter  8,527  years. 


•  (( 


Coal  Commission  Report,"  vol.  i.,  pp.  50,  51. 


CHAPTER    XVII. 

DEVONSHIRE    COAL   AND    LIGNITE  DEPOSITS. 

Description  of  Bovey  Traccy  Coal  or  Lignite  Deposits — Anthracite  of  Bideforcl — 
Analyses  and  Proclaction  of  Lignite  and  Anthracite. 

Devonshire.  Bovey  Coal,  or  Boyey  Tracey  Ugiiite. — Tliis 
deposit  is  found  near  the  town  or  village  of  Bovey  Tracej',  on  the 
left  bank  of  the  river  Bovey,  and  about  two  miles  and  a  half  above 
the  point  at  which  it  falls  into  the  river  Teign,  being  about  eleven 
miles  distant  from  each  of  the  towns  Exeter,  Torquay,  and 
Totnes. 

The  deposit  is  described  by  Mr.  Pengell}',  F.G.S.,*  as 
stretching  away  in  a  south-easterly  direction,  having  a  length  of 
six  miles  from  a  point  about  a  mile  west  of  Bovey  to  another 
nearly  as  far  east  as  Newton ;  itsgi-eatest  breadth,  from  Chudleigh 
Bridge  on  the  nortli-east,  to  Blackpool  on  the  south-west,  being 
about  four  miles.  It  forms  a  lake-like  expansion  of  the  valleys 
of  the  Teign  and  Bovey  rivers,  especially  the  latter,  whose  com-se 
it  may  be  said  to  follow  in  the  higher  part,  where  it  is  most  fully 
developed ;  whilst  the  Teign  constitutes  its  axis  below  the  junc- 
tion of  the  two  streams.  Its  upper  or  north-western  portion 
immediately  adjacent  to  the  village,  is  known  as  "  Bovey  Heatli- 
field,*'  and  extends  over  an  area  of  about  700  acres. 

Shafts  and  other  excavations  have  shown  tliat  this  basin 
consists  of  an  accumulation  of  coarse  gravel  (mixed  with  sand 
and  clay)  of  variable  thickness,  unconformably  covering  distinct 
strata  of  lignite,  clay,  and  sand,  which  are  familiar  to  geologists 
as  the  "  Bovey  deposit,"  whilst  the  lignite  is  equally  well  known 
as  "  Bovey  Coal.**  This  deposit  not  only  occupies  the  plain  which 
has  been  described,  but  is  continued  in  a  narrow  southerly  du'ec- 
tion  from  Newton,  to  near  Kingskerswill,  about  three  and  a  half 

♦  "  Memoirs  on  the  Lignites  and  Clays  of  Bovey  Tracey."  Transactions  of  the 
Royal  Society,  part  2,  18C2. 
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miles  from   Torbay ;  and  where  it  crosses  the  estuarj*^  of  the 
Teign  it  is  distant  about  four  miles  from  the  coast. 

The  most  important  of  the  excavations  is  that  known  as  the 
*'  Coal  Pit,"  which  is  situated  on  the  Heathfield,  somewhat  less 
than  a  mile  south  of  the  village,  and  about  the  same  distance 
from  the  western  margin  of  the  deposit.  It  is  open  to  the  day, 
and  is  in  fonn  a  rude  parallelogram,  having  its  longest  side  about 
960  feet,  whilst  the  shortest  measures  340  feet,  its  greatest  deptlx 
at  the  western  end  being  about  100  feet.  Subterranean  excava- 
tions have  been  carried  on  very  extensively  in  various  directions 
by  means  of  tunnels  opening  out  of  tlie  pit  at  its  bottom. 

Attention  was  first  directed  to  this  deposit  in  the  year  1760, 
when  the  Rev.  Jeremiah  Milles  communicated  his  views  to  the 
Eoyal  Society  in  a  letter  addressed  to  the  Earl  of  Macclesfield,* 
although  it  appears  that  the  lignite  was  discovered  about  the  year 
1745,  and  probably  at  an  earlier  period.  Dr.  Maton,  about  the 
year  1796,  in  his  "  Observations  on  the  Western  Counties  of 
England,"  gives  some  particulars  respecting  the  Bovey  deposits, 
apparently  fi*om  actual  observations.  The  pits  at  this  time  were 
of  considerable  depth,  80  feet,  and  the  lignite  was  worked  to 
supply  fuel  for  a  pottery  close  by.  About  the  year  1812,  another 
potterj'  was  estabUshed  near  Bovey  Tracey,  called  FoUey  Pottery, 
from  the  coal-pits,  the  lignite  being  locall}*^  known  as  Folley  Coal. 
In  1853  the  pottery  kilns  were  fired  with  lignite ;  later,  in  1869, 
it  was  not  employed  in  the  earthenware  kilns,  the  small  quantity 
then  used  being  in  the  brick-works  of  the  neighbourhood,  where 
it  is  also  used  in  small  quantities  in  the  cottages,  but  the 
disagreeable  smell  which  it  gives  out  in  burning  renders  it 
objectionable. 

Some  years  since  a  company  engaged  in  working  iron  ore  at 
Ilsington  proposed  to  use  this  Bovey  lignite  for  smelting  the  ore ; 
two  blast  furnaces  were  commenced,  but  ere  they  were  completed 
the  company  was  dissolved,  and  the  experiment  for  using  this 
lignite  for  iron  smelting  was  never  tried. 

Analysis  of  tlie  Bovey  Tracey  Lignite- — The  Bovey  coal, 
examined  by  Fred.  Vaux,  Esq.,  in  his  paper  "  On  the  Ultimate 
Analysis  of  some  Varieties  of  Coal,"  t  is  thus  described : — Be- 

*  **  Philosophical  TranBactions,"  li.,  part  2,  p.  534,  &c. 

+  "  Journal  of  the  Chemical  Society  of  London,"  vol.  i.,p.  318  (1849). 
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comes  quite  rotten  after  immersion  in  water;  that  it  does  not 
soil  the  fingers ;  that  the  coke  has  a  semi-metallic  lustre,  does 
not  smelly  cakes  but  slightl}^  and  does  not  take  the  form  of  the 
crucible  ;  that  it  is  easily  converted  into  a  bulky  red  ash,  inter- 
spersed with  filaments ;  that  before  the  blowpipe  it  is  partially, 
but  with  difficulty,  fusible  into  a  black  clinker ;  and  that  its  com- 
position is  shown  in  the  annexed  table,  giving  the  relative  propor- 
tions in  100  pai'ts  of  Bovey  lignite,  exclusive  of  water. 

Results  Tabulated. 

Carbon 66-314 

Hydrogen 5-627 

Oxygen 22-861 

Nitrogen 0-565 

Sulphur 2-364 

Ash 2-269 

Water 34-660 

Coke 30-799 

Free  from  WaUr  and  Ash» 

Carbon 67-8535 

Hydrogen 5-7576 

Oxygen 23-3920 

Nitrogen 0'5781 

Sulphur 2-4188 

Copper  and  lead,  it  is  stated,  were  detected  in  the  ash. 

Another  sample  of  the  Bovey  lignite  called  "  Board  Coal,'* 
from  a  bed  about  four  feet  thick  in  the  *'  Board  Coal  Seam,"  is 
thus  described  in  Dr.  Percy's  "  Metallurgy."*  The  analysis  was 
made  by  Mr.  William  Ratcliffe,  and  was  communicated  by  the 
late  Mr.  Ebenezer  Rogers,  of  Abercame,  near  Newport,  Mon- 
mouthshire : — "  It  abounds  in  the  remains  of  dicotyledonous 
plants,  and  is  woody  in  structure.  It  is  said  to  yield  a  bright, 
hard,  porous  coke.  The  hygi-oscopic  water  was  estimated  by  the 
loss  in  weight  by  drying  at  100°  C,  and  the  si)ecimen  analysed 
had  been  previously  dried  at  that  temperature.  It  is  stated  that 
there  are  also  twenty  seams  of  what  is  locally  termed  "  rough 
coal,"  with  which  a  lai-ge  proportion  of  clay  is  intimatel^y  mixed  ; 
a  specimen  of  tliis  vai-iety  yielded  after  air-drying  at  87°  C, 
62'87  per  cent  of  coke,  containing  29*98  of  ash,  which  contained 
0'532  per  cent,  of  phosphoric  acid,  and  of  which  65'48  per  cent. 


• 
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was   insoluble  in  hydrocliloric    acid,   and  consisted  chiefly  of 
silica.'' 

The  results  appear  in  the  annexed  analysis,  the  composition 
per  cent,  being  exclusive  of  water,  which  gave  2'21  per  cent.,  the 
yield  of  coke  amounting  to  51*50  per  cent. 

Results  Tabulated. 

Carbon .  C6*76 

Hydrogen         .        .        .        .        .       ' ,        .     .  o'59 

Oxygen 22-81 

Sulphur 2-09 

Ash 2-75 

100-00 


The  composition  per  cent.,  exclusive  of  ash  and  water,  being 
carbon,  70*15 ;  hydrogen,  5*88 ;  oxygen  and  niti'ogen,  23*97  per 
cent. 

Prodnction  of  Xdgnite. — The  quantit)'  raised  at  the  Brown 
Coal  Mine  in  the  year  1854  amounted  to  15,000  tons ;  in  subse- 
quent years  the  output  has  been  as  follows  : — 

TEAR.  TONS. 

180() 5,600 

1857 3,850 

1867 1,368 

1868 1,383 

The  above  are  the  only  returns  obtainable.  Since  the  last- 
named  year  some  quantities  have  been  raised  from  time  to  time, 
but  being  included  in  other  districts  the  exact  quantities  are  not 
known. 

Bideford  Anthracite. — ^Another  description  of  coal  which  has 
been  worked  in  Devonshire  is  the  variety  known  as  culm  or 
anthracite  of  Bideford.  These  beds  of  anthracite  stretch  across 
the  countrj^  from  Bai-nstaple  Bay  by  Bideford  and  Alverdiscot 
towards  Chittlehampton,  and  there  are  evidences  that  these  culm 
deposits  were  worked  on  the  line  of  the  out-crop  at  a  remote 
period.  Many  old  workings  have  from  time  to  time  been  dis- 
covered, some  of  the  pits  having  been  carried  to  depths  of  from 
eight  to  ten  fathoms.  The  beds  of  culm  are  very  variable  in 
thickness,  the  middle  or  great  anthracite  bed  upon  which  all  the 
chief  workings  have  been  carried  is  described  as  varying  from 


CHAP.  XVII.]        DEVONSHIRE  COAL  AND  LIGNITE  DEPOSITS.         253 

6  inches  to  14  feet  in  thickness^  the  average  being  about  7  feet. 
According  to  Lysons,  the  beds  in  the  vicinity  of  Eastacot  were 
extensively  worked  in  the  middle  of  the  last  century.  A  pit  here 
was  re-opened  about  the  year  1790,  and  abandoned  in  the  follow- 
ing yeai"  on  account  of  the  water,  when  the  pit  reached  a  depth 
of  25  fathoms,  the  quantity  of  anthracite  raised  being  about  900 
bushels  per  week. 

Sir  Henry  de  la  Beche,*  writing  in  1838,  says,  culm  or  an- 
thracite beds  are  now  at  work  about  a  mile  on  the  east  of  Bide- 
ford.  Mr.  John  Bundle,  M.P.,  who  is  interested  in  them,  states 
that  about  twelve  or  eighteen  months  previousl}^  the}*^  drove  a  little 
under  the  adit,  and  in  a  short  time  obtained  from  600  to  700  tons 
of  anthracite.  It  appears  that  these  mines  were  partially  opened 
about  1825  for  200  fathoms  in  length,  above  an  adit  15  fathoms 
deep.  The  eastern  mine  in  full  work  employed  three  men  and 
five  boys,  and  produced  about  700  bushels  or  58  tons  of  anthra- 
cite per  week.  From  the  western  mine  about  1,500  tons  were 
raised  in  the  year.  The  quantities  raised  of  late,  as  far  as  returns 
are  available,  are  inconsiderable,  and  are  as  under  : — 

TEAB.  TOMS. 

1854 6,500 

1856 6,036 

1857 4,173 

Some  quantities,  it  is  said,  were  raised  in  the  year  1877  and 
since ;  they  were,  however,  small,  und  do  not  appear  to  have  been 
recorded.  , 

This  fuel  was  at  one  time  extensively  used  at  Greenacliff  in 
Barnstaple  to  burn  with  the  limestones  brought  there  from  South 
Wales.  A  variety  of  the  anthracite,  probably  formed  from  de- 
composed portions  of  it,  has  long  been  raised  near  Bideford  and 
employed  as  a  pigment.  Lysons  t  says  it  was  used  in  Plymouth 
in  1822,  and  at  a  later  period,  it  was  sent  to  Chatham  for  the 
same  purpose.  The  quantity  (paint-clay)  raised  in  the  year  1880 
amounted  to  200  tons. 

*  "  Geological  Report  on  Cornwall,  Devon,  and  West  Somerset,"  1839,  p.  614. 
f  "  Magna  Britannia,"  Devonshire,  p.  ccxcii. 
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CHAPTEK    XYIII. 

THE    COAL-FIELDS    OF    SCOTLAND. 

General  Description  of  the  Coal-fields— The  Carboniferous  Series  of  Scotland — 
Section  of  Strata,  Order  and  Occurrence  of  Coal  Seams  and  Ironstone 
Pleasures  in  different  Areas — Varieties  of  Coal  and  Analyses — Gas  Producing 
Coals,  Cannels,  Analyses,  and  Yield  of  Gas  in  Cubic  Feet — Production  of  Conl 
in  the  Eastern  and  Westcni  Districts,  and  of  the  several  Coal-fields — Distribu- 
tion Coastwise  and  to  Foreign  Countries — Railway  Distribution — Prices  of  Coal 
and  Cost  of  Production — Population  Employed  in  Coal  and  Ironstone  Mining 
— Resources  and  probable  Duration  of  the  Scotch  Coal-fields. 

Coal-fields  of  Scotland. — The  cai'boniferous  rocks  of  Scotland 
cross  the  country  in  a  direction  from  south-west  to  north-east, 
stretching  from  sea  to  sea,  from  the  Firth  of  Clyde  on  the  east 
to  the  Firtli  of  Forth  on  the  west,  and  occupying  the  great 
synclinal  hollow  or  trough  along  the  valley,  and  parallel  to  the 
mountain  chains  of  the  Grampians  and  Lammermuirs,  or  between 
the  slopes  of  the  Grampians  and  the  north  flanks  of  the  southern 
uplands.  This  gi'eat  hollow,  or  depression,  is  filled  with  a  coal- 
field nearly  100  miles  in  length,  extending  from  Saint  Andi*ew's, 
near  Greenock,  to  the  eastern  coast,  and  from  Dalkeith,  near 
Edinburgh,  to  Ayr  on  the  western  coast,  an  average  breadth  of 
25  miles.  The  area  thus  described  is  not  all  productive  of  coal ; 
in  it  occur  several  distinct  coal-fields,  or  basins,  divisible  into 
six,  viz.,  the  coal-fields  of  the  Clyde  basin,  the  Mid  Lothian, 
Edinburgh  and  Haddington  coal-field,  tlie  East  Lotliian  coal- 
field, the  Fifeshire,  Clackmannan,  Ayrshire,  and  Lesmahago 
coal-fields. 

The  greatest  part  of  the  workable  coal  seams  of  the  Scottish 
area  is  included  in  the  carboniferous  limestone  group ;  for  the 
EngUsh  lower  carboniferous  rocks  undergo  a  gradual  ph)^sical 
change  in  their  extension,  fi:om  south  to  north,  or  fi-om  the 
Midland  Counties  into  Northumberland  and  South  Berwickshire, 
and  coal  seams  occur  and  are  worked  in  them  near  the  base,  as- 
sociated with  thick  beds  of  shale,  the  calcareous  beds  having 
greatly  diminished.  Below  the  equivalents  of  our  carboniferous 
limestone  are  a  series  of  white  and  gi'ey  sandstones,  shales, 
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cement  stones,  and  thin  coal  seams.  These  equal  the  English 
lower  limestone  shales,  and  are  termed  "calciferous  sandstones/* 
which  sometimes  attain  a  thickness  of  4,000  feet. 

The  carboniferous  series  of  Scotland,  divisible  into  four  groups^ 
are  thus  classified  by  Professor  A.  Geikie,  F.R.S.,  in  the  thij'»l 
edition  of  Juke's  "  Manual  of  Geology  :  '* — 


DIVISIONS. 


4.  Coal  measures 


ENGLISH  EQUIVALENTS. 

Middle  and  Lower 
coal  measures. 


3.  Millstone  grit 


2.  Carboniferous 
limestone  series 


ies.  ] 


1.  Calciferous 

sandstone  series. ' 


Bed  sandstones  (Hamilton) ' 
white    and    grey    sand- 
stones, shales,  iire-clays, 
coal  seams,  and  ironstone. 

(  Moorstone  rock,  or  Eoslin  )Tif;no4.^«^  r.^*.  ««^ 
f     -nd^ne    and    conglo- jM^SXfJri^' 

(  Sandstones,  sometimes  \ 

coarse  shales,  coals,  black-  I  Carboniferous    or 
band,  and  olay-band  iron- 1-    mountain  Hme- 
stones,    oil    shales,    and        stone, 
fosfidliferous  hmestones.     ) 

White  and  grey  sandstone  \ 
shales,    cement    stones,  I  Lower  limestone 
cyprid     limestones    and  f     shale, 
occasional  coal  seams.       j 


The  aggregate  thickness  of  tlie  carboniferous  series  of  tlie 
centre  of  Scotland  gives  a  section  of  from  8,000  feet  to  9,000  feet, 
the  greater  part  of  which  is  regarded  as  of  maiine  origin. 

The  lowest  series,  the  calciferous  sandstones,  may  be  described 
as  being  composed  of  a  lower  group  of  red  sandstones  and  another 
group,  the  characteristic  feature  of  which  is  the  presence  of  bitu- 
minous shale.  Next  in  order  of  occurrence  ascending  appears  the 
carboniferous  limestone  series,  divisible  into  tliree  well-marked 
groups.  First,  an  upper  group,  consisting  chiefly  of  sandstone^ 
&c.,  and  with  some  three  or  more  seams  of  limestone ;  the  second, 
a  middle  group  of  sandstones  and  argillaceous  shales,  with 
numerous  seams  of  coal  and  ironstone,  but  no  limestone ;  and 
the  third,  a  lower  series  or  group  of  strata,  with  seams  of  coal 
and  ironstone  and  a  variable  number  of  limestones. 

The  lower  group  is  very  variable  as  regards  the  number  and 
quality  of  its  coal,  ironstone,  and  limestone  seams,  and  the 
absolute  thickness  in  which  these  occur.  In  some  districts,  as  in 
Ayrshire,  one  or  two  limestones  occur  in  a  thickness  of  eight  or 
ten  fathoms  of  strata,  and  not  unfrequently  no  coal  or  ironstone 
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seams  of  commercial  value.  In  other  localities,  as  at  Carluke, 
and  along  the  southern  borders  of  the  Lanarkshire  coal-field,  no 
fewer  tlian  eleven  limestones  occur  in  a  thickness  of  35  fathoms 
of  strata,  while  at  the  same  time  occur  a  number  of  excellent 
bands  of  argillaceous  ironstone.  The  middle  group  of  the  lime- 
stone series  is  characterised  b}^  the  presence  of  numerous  coal 
and  ironstone  seams,  and  by  the  total  absence  of  limestones. 
One  or  two  seams  of  black-band  ironstone  appear  in  this  horizon, 
and  about  midwaj^  between  the  top  and  bottom  of  the  series, 
occurs  the  celebrated  Lesmaliago  gas-producing  coal,  yielding 
13,600  cubic  feet  of  gas,  of  a  high  illuminating  power,  from  one 
ton  of  coal.  The  upper  limestone  group,  of  the  carboniferous 
series,  as  exhibited  in  Lanarkshire,  has  a  great  sameness  of 
character  in  all  the  localities  where  it  occurs.  Usually  it  contains 
three  limestones,  and  here  and  there  one  or  two  lenticular  and 
inconstant  seams  of  the  same  mineral,  of  variable  qualities  and 
thickness.  Mr.  James  Geikie,  in  his  interesting  papers  on  the 
**  Coal  and  Ironstone-bearing  Strata  of  Scotland,"  from  which 
many  of  the  foregoing  facts  are  drawn,  considers  that  the 
numerous  coal  seams  point  to  the  frequent  occurrence  of  a  land 
surface,  and  the  gas  coals  and  ironstones  to  the  former  existence 
of  numerous  wide  lakes  and  lagoons. 

It  is  not  uncommon  to  find  lines  and  ribs  of  gas  coal  associated 
Tvith  seams  of  splint,  and  even  with  seams  of  common  coals.  Gas 
coals  are  not  unfrequently  found  to  pass  into  common  coals,  or 
into  black  shales,  and  sometimes  into  black  band  ironstone,  and 
thus  the  same  mineral  seam  may  be  alternately  a  common  splint  or 
gas  coal,  an  oil  shale  or  a  black-band  ironstone,  according  as 
the  physical  condition  varied  at  the  time  of  its  formation.  The 
millstone  grit,  reposing  on  the  carboniferous  limestone  series 
above  referred  to,  occasionally  jdelds  clay  ironstone  of  good 
quality,  the  Curdly  seam  being  the  best  known,  find  is  an  iron- 
stone of  variable  thickness  and  purity,  occurring  in  nodular 
masses.  The  coal  measures  at  the  top  of  the  series,  reposing  on 
the  millstone  grit,  consist  of  two  groups,  the  upper  consisting 
of  a  series  of  red  sandstones,  wdth  intervening  sandy  marl  and 
impure  fire  clays,  resting  unconformably  upon  the  coal-bearing 
strata,  and  in  the  deeper  parts  of  the  Lanarkshire  coal-field 
attaining  a  thickness  of  upwards  of  700  feet.  The  lower  or  coal- 
bearing  group,  rich  in  coal,  containing  18  workable  seams;  it 


CHAP.  XVIII.]  THE  CX)AL-FI£IJ>S  OF  SCOTLAND.  257 

also  contains  several  important  seams  of  black-band  and  clay- 
band  ironstones,  which  have  been  extensively  wrought,  and  some 
nearly  exhausted.  The  black-bands  vary  considerably,  and  do 
not  often  exceed  18  inches  in  thickness.  In  one  locality,  how- 
ever, the  Crofthead  slaty-band  is  said  to  have  reached  the  thick- 
ness of  six  or  seven  feet. 

In  the  Western  coal-fields  of  Scotland  seven  principal  black- 
band  measures  are  known,  occurring  in  the  following  order  : — 

THIOKITESS. 
Ft    In. 

Palace  Craig,  Hack-band 12 

Aiidrie,  hlack-hand,           14 

BeUfiide,  hhick-hand 0    6 

Eiltonffue,  blfick^hand 0    8 

Calderbank  or  Kennelbum,  hladc-bfind 0    6 

Upper  slaty,  hlcLck-band 13 

Lower  alaty,  Mack-band 0    8 

The  above  thicknesses  are,  however,  subject  to  considerable 
variation,  and  the  same  seam  is  rarely  continuous  over  any  large 
area.  Thus,  at  Airdrie,  it  occurs  in  workable  quantities  over  an 
area  not  exceeding  ten  square  miles,  but  its  equivalent,  in  the 
form  of  a  thin  seam  of  coal,  extends  over  an  area  of  between 
50  and  60  square  miles.  In  Linlithgowshire  the  equivalent  of 
the  black-band  ironstone  is  found  in  the  celebrated  Boghead 
cannel  coal,  or  as  it  is  also  known  by  the  name  of  the  Torbane 
Hill  mineral,  which  some  years  ago  gave  rise  to  much  litigation. 

The  foregoing  brief  sketch  of  the  carboniferous  series  of 
Scotland  shows  generally  the  geological  features  bearing  on  the 
occurrence  of  the  coal  seams  and  ironstone  measures ;  some  of 
the  more  important  of  the  latter,  as  they  occur  in  the  Western 
coal-fields,  being  noted  above.  The  next  subject  to  follow  will 
be  the  several  coal-fields  of  Scotland. 

Clyde  Basin  Coal-field. — This  important  coal-field,  the  largest 
in  Great  Britain,  is  traversed  throughout  its  entire  length  by  the 
Clyde,  and  includes  the  greatest  part  of  the  Shires  of  Benfrew, 
Dumbarton,  Stirling,  and  nearly  the  whole  of  Lanark.  The  coal- 
bearing  series  are  4,000  feet  thick,  divided  into  upper,  middle, 
and  lower,  and  respectively  840  feet,  960  feet,  and  2,200  feet 
thick,  the  base  of  the  whole  being  the  calciferous  sandstone. 
The  upper  and  lower  series  are  the  chief  repositories  of  the  coal 
seams.  The  upper  series  has  ten  seams  of  coal  exceeding  two 
feet  in  thickness,  and  three  valuable  bands  of  ironstone.    The 
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lower  series  contain  three  courses  of  ironstone,  and  several 
valuable  beds  of  coal,  west  of  Glasgow.  The  black-band  ironstones 
occasionally  pass  into  coal  seams,  the  carbonaceous  matter 
gradually  replacing  the  argillaceous  carbonate  of  iron. 

The  following  section,  communicated  to  the  Philosophical 
Society  of  Glasgow  by  Mr.  William  Moore,  shows  the  order  of 
occurrence  of  the  coal  and  ironstone  series  in  that  part  of  the  coal- 
j&eld  lying  in  the  valley  of  the  Clyde : — 

Coal  akd  Ironstoke  Series. 

DEPTH  IN  THICKNKSS. 

FATHOMS.  Ft     In. 

42.  Palace  Craig  Irongtane  (impure) 0  0 

48.  Upper  Coal  (good) 3ft.  to  4  6 

63.  EU  Coal  (good} 4  ft.  to  8  0 

67.  IVotshaw  Coal  (splint)  average 4  0 

68.  Main  Coal  (good  soft  quality)    .        .                   3^  ft.  to  5  0 

76.  Humph  Coal 18 

81.  Splint  Coal  (for  iron  smelting) 3  0 

84.  Sour  Milk  Coal  (variable) 3  0 

103.  Mushet  Bladc-hand  Ironstone 14 

106.  Soft-band  Jronafone 18 

120.  Curly-band  Ironstone 0    5 

127.  Virtue  Well  Coal 2    6 

132.  Bellaide  Ironstone 0    7 

134.  Calderbrae  Ironstone 0    8 

136.  Eiltongue  Coal  (variable) 5    0 

148.  Drum^*ay  or  Coxrod  Coal 2    0 

203.  Slaty  Black-band  Ironstone 4    6 

208.  Boghead  Gas  Coal  (1  to  20in.) 0  10 

447.  Posdl  Ironstone 10 

467.  Lesmahago  Gas  Coal 10 

502.  Govan  Band  Ironstone 10 

Analyses  of  the  Coal. — The  brown  Cannel  coal  known  as  the 
Torbane  Hill  Mineral,  and  previously  referred  to,  occurs  in  the 
upper  coal  measures,  immediately  above  the  millstone,  grit, 
having  a  thickness  varying  from  16  inches  to  2  feet,  in  contact 
with  shale  and  clay  ironstone,  and  resting  on  a  bed  of  underclay, 
after  the  manner  of  ordinary  coal.  The  principal  localities  in 
which  it  occurs  is  at  Torbane,  Inchcross,  Boghead,  Cappers,  and 
Bathvale  near  Bathgate.  It  is  the  most  valuable  mineral  known 
for  making  gas  and  paraffin  oil.  Dr.  Andrew  Fyfe,  who  ex- 
amined and  determined  its  composition,  obtained  from  a  single 
ton  14,880  cubic  feet  of  gas,  of  an  illuminating  power  equal  to 
7*72  spermaceti  candles,  besides  700  lbs.  weight  of  coke ;  it  also 
yields,  on  distillation,  125  gallons  of  paraffin  oil  per  ton.    A 
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Btriking  characteristic  of  this  Cannel  is  its  indestructibility  under 
atmospheric  exposure,  which  does  not  depreciate  its  value  in  its 
gas-giving  powers.  Out  of  Scotland  the  only  other  localities  in 
which  Cannel  coal  is  worked  is  at  Leeswood  (south  of  Mold), 
in  Flintshire;  Wigan,  in  Lancashire;  and  at  Newcastle.  The 
following  table  shows  the  results  of  Dr.  Fyfe*s  examination  of 
the  Torbane  Hill  Mineral  in  comparison  with  other  well-known 
Cannel  coals.  In  Scotland  the  term  "  Parrot  Coal "  is  applied 
to  Cannel  coal,  from  the  loud  crackling  noise  with  which  it  flies 
to  pieces,  when  placed  upon  the  fire : — 


Cubic  feet  of  gas  per  ton 
Durability  of  gas  per  foot 
Illaminaane  power  per ) 

foot,  canSes  ) 

Grains  of  sperm  per  foot 
Value  of  ooals  in  pounds  ' 

of  spenn 
Comparative   value   of 

the  ooals 


LEEBWOOD. 

Lancashire 
Wigan 
Cannel. 

Torbane  or 
Boghead 
CauoneL 

Smooth 
Cannel. 

Curly 
Cannel. 

9-972 
5605 

.  14-280 
82-30 

12100 
48-35 

14-880 
84-400 

8-2 

1-09 

6-00 

10-300 

0-981 

1-308 

0-36 

1-242 

1401-7 

2668-3 

617-00 

2736-000 

5-610 

5-025 

•  •  • 

2-86 

Other  analyses  of  coal^  made  by  Mr.  Lewis  Thompson,  exhibit 
the  following  constituents ;  of  these  the  Lesmahago  Cannel  is 
thus  described :  *'  massive,  dull  black ;  principal  fracture,  slaty 
conchoidal ;  cross  fracture,  conchoidal  and  angular ;  streak,  black 
and  somewhat  shining :  thrown  on  the  fire,  decrepitates  slightly ; 
does  not  split  or  fuse ;  colour  of  ash,  white,  with  nitrate  of  cobalt, 
dirty  blue ;  specific  gravity,  1*220  " : — 


Constituents.                     Lesmahago.         Boghead. 

r 

Capeldrea. 

Locbgelly. 

Volatile  matter 

Coke 

Ash         .... 
Sulphur  in  coal  .        .     . 
Sulphur  in  coke 
Sulphur  in  volatile  matter 
Ash  in  ooke  per  cent. 

49-60 
50-40 
9-10 
2-23 
1-14 
1-09 
18-05 

68-40 

31-60 

22-80 

0-53 

008 

0-45 

70-25 

54-50 

45-60 

10-50 

0-65 

0-20 

0-45 

23-07 

33-50 

66-50 

13-10 

0-75 

0-25 

0-60 

29-70 

The  average  yield  of  gas  in  cubic  feet  per  ton  of  the  above 
coals  appears  as  follows:  Lesmahago,  18,500 ;  Capeldrea^  14,000 ; 
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and  Lochgelly,  9,500.     The  above  results  were  obtained  after 
three  distinct  experiments  were    made   upon   each  variety  of 
Cannel  operated  upon.     Another  variety  of  Cannel,  the  Pirnie, 
at  Methill,  gives  on  analysis  the  following  results : — 

Rbsxtlts. 

Specific  gravity 1*126 

wsy  ^r  ton 13*500  cubic  feet 

niaminating  power 28  candles 

Coke  and  aab 36*00   per  cent. 

Hydrocarbons 20*00         „ 

Sulphuretted  hydrogen *dO         ,, 

Carbonic  acid 4*75  ,, 

Carbonic  oxide 7*75         ,, 

Volatile  matter  in  coal 65*00         ,, 

Specific  gravity  of  gas *700 


In  the  annexed  statement  appears  the  respective  yield  per  ton 
in  cubic  feet  of  Cannel  coals,  extensively  used  in  the  manu&cture 
of  gas  in  Great  Britain : — 


Cannels. 


Boghead  or  Torbane } 
Mineral  .  .  'j 
Lesmahago 
Methill  Pirnie 
Overtown  . 
Wemyss . 
Amiston  . 
Ramsay . 
Kirkness 
Capeldrea 
Skatrig 
Lochgelly 
Rigside 
Bochsoles 
Leeswood  ^smooth) 

(curly) 
Wigan 
Ince  Hall 
Pelton 
Leverson 
Washington 


Counties. 


Linlithgow 

Lanark 
Fife       . 
Lanark 
Fife       , 
Midlothian 

>» 
Kinross    . 

Fife      . 

Lanark 

Fife      . 

Lanark 

Fliilt 

i»       • 

Lancashire 

Durham  . 


Cubic  Feet 
per  Ton. 


14,880 

13,500 
13,500 
13,000 
14,300 
12,600 
10,300 
12,800 
14,000 
10,400 

9,500 
10,400 
11,900 

9,972 
14,280 
12,100 
11,673 
11,500 
11,600 
10,500 


The  quantity  of  coal  used  in  Scotland  in  gas  manufacture,  as 
determined  by  the  Royal  Coal  Commission  in  the  year  1867, 
amounted  to  263,261  tons,  and  in  the  year  1868  to  299,919  tons. 

The  celebrated  Lesmahfigo  gas  coal,  yielding  18,600  cubic  feet 
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of  gas,  of  a  high  illuminating  power,  exhibits  the  following  con- 
stituents on  analysis  by  T.  H.  Bead,  Esq. : — 

Besxjlts  Tabulated. 

Carbon 86'70 

Volatae  material 66^23 

Sulphur '55 

Ash 4-30 

Water 3-16 

Total 100-93 


The  coals  used  in  iron  smelting  and  manufacturing  pur- 
poses in  Scotland,  are  numerous  and  various.  In  iron  smelting, 
the  Splint  coal  is  generally  employed  in  the  fiimace  without 
previous  coking,  and  from  the  following  selected  analyses  it  will 
be  seen  that  these  coals  do  not  vary  to  any  considerable  extent 
in  composition.  The  Splint  coal  is  a  variety  of  bituminous 
(Cannel)  coal,  with  a  slaty  structure ;  its  constituents  appear  in 
the  annexed  analyses : — 


1 

Constitaents. 

1. 

2. 

3. 

4. 

Carbon  in  coke 
Volatile  products        .    . 
Sulphur  .... 

Ash 

Water     .... 

Total      .        .     . 

Coke  per  cent. 

Bpeoino  gravity  .        .    . 

52-83 

35-57 

•36 

2-38 

8-86 

64-25 

32-96 

•20 

3^25 

9-35 

5204 

39-14 

•11 

1.07 

7^6 

53-77 

31-07 

-34 

4-27 

10-66 

100-00 

100-00 

100-00 

100-00 

65*35 
1-31 

57-58 
1-293 

54-05 
1-266 

68-46 
1-240 

Coal  for  domestic  purposes  is  extensively  furnished  by  the 
following  coal  seams :  the  Ell,  Main,  Pyotshaw,  Virtue  Well, 
Kiltongue,  and  Drumgray.  The  last-named  give  the  constituents 
following,  on  analyses : — 

Bbsults  Tabulated. 

Carbon 66^8 

Hydrogen  anid  Oxygen 6*4 

Sulphur 2-0 

Nitrogen 34-0 

Ash 2-8 

100-0 
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The  coals  of  the  aboye-named  seams  are  also  employed  for  steam 
purposes.  As  it  might  be  interesting  to  view  the  quantity  of  coal 
in  the  light  of  the  power  it  is  capable  of  giving  out,  Mr.  Ralph 
Moore,  H.M.  Inspector  of  Mines,  illustrates  the  point.  He 
states  that  a  steam  engine  of  average  quality  consumed  ten  pounds 
of  coal  per  horse-power  per  hour,  or  it  consumed  100  lbs.  every 
day  of  ten  hours  while  it  did  the  work  of  a  horse.  A  ton  of  coal 
would  supply  a  horse's  power  for  24  days,  and  the  quantity  of 
coal  raised  in  Great  Britain,  say  125,000,000  tons,  would  supply 
the  power  of  10,000,000  horses,  or  five  times  as  many  men.  The 
coal  annually  exported,  say  16,000,000  tons,  would  supply  the 
power  of  6,000,000  men.  Taking  the  consumption  of  coal  at 
12  tons  for  the  power  of  five  men,  and  the  coals  at  10«.  per  ton, 
the  power  of  five  men  could  be  obtained  for  £6  per  year,  or  a 
man's  power  could  be  obtained  for  25«.  per  year,  6d,  per  week, 
or  Id.  per  day,  and  thus  the  coal  raised  in  the  United  Kingdom 
would  be  equal  to  an  army  of  60,000,000  of  men,  giving  out  their 
work  at  one  penny  per  day.* 

The  Mid-Lothian,  Kaddington,  and  Bdinbnrgh  Coal-fleld.— 
This  triple  coal-field  on  the  south-western  side  of  the  Firth  of 
Forth,  the  waters  of  which  separate  it  from  the  Fifeshire  coal- 
field, possesses  much  interest  geographically  and  physically,  and 
with  the  Fifeshire  area  are  the  most  interesting  of  the  Scotch 
coal-fields.  This  triple  coal-field,  described  by  Professor  Hull  as 
a  double  trough,  the  deeper  of  which  lies  in  Edinburghshire  on 
the  west,  and  the  shallower  on  the  east  in  Haddingtonshire,  has 
nearly  50  seams  of  coal  of  varying  thickness,  giving  in  the 
aggregate  122  feet  of  solid  coal.  Celebrated  amongst  other  coals 
here  occur  the  8-feet  "  Great  Seam,"  and  the  "  North  Greens," 
1,600  feet  below  the  "  Great  Seam,"  yielding  the  well-known 
Parrot  coal,  having  a  thickness  of  8  feet,  and  greatly  esteemed 
as  a  coal  for  the  manufacture  of  gas.  Both  the  above-named 
seams  occur  in  the  carboniferous  limestone,  which  has,  in  a  sec- 
tion of  1,600  feet,  17  workable  seams  of  coal ;  the  coal  measures 
proper,  reposing  on  the  millstone  grit,  having  a  thickness  of  1,220 
feet,  in  which  are  found  11  seams  of  coal.  This  coal-field  has  an 
area  of  64  square  miles,  and  the  following  section,  taken  from  the 
centre  of  the  coal-field  near  Dalkeith,  shows  the  various  coal- 
seams  and  their  order  of  occurrence. 

*  LcctoTe  hy  Mr.  Moore.  See  Report, "  Mining  Journal,'*  Aih.  March,  1876,  p.  259. 
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Coal  Seams  of  Mid  Lothian. 

Ft.  In. 

Sandstone  and  sliale 346  0 

Clay  Knowes  Coal  .        .                 .                                  .     .  3  6 

Splint  Coal 3  10 

BeefieCoal 3  6 

Jewell  Coal 4  0 

Coal 2  8 

Cowpit's  Little  Splint 2  2 

Cowpif  8  Five-foot .        .        .        ! 6  6 

Gla^  Coal 2  0 

Burr's  Coal 4  0 

Cowpit's  Three-foot 3  0 

Cowpit's  Six-foot 4  6 

Millstone  Grit 340  0 

In  this  same  area  the  carboniferous  limestone  series  has  a 
thickness  of  1,590  feet,  in  which  appear  numerous  seams  of  coal 
upwards  of  2  feet  thick,  and  in  the  same  section  are  recognised 
nine  seams  of  ironstone,  of  2  inches  thick  and  upwards  : — * 

Carboniferous  Limestone  Coal  Sbam& 

Ft.  In. 

Cowden  Deception  Coal 2    2 

„       Cryne 2    6 

„       Mavis 2    8 

„       Great  Seam 8    0 

„       Diamond  .        .        .        .        ..        ..        .        .27 

„       LiUa  Willie 6    1 

„       Blackbird  Seam 3  11 

„       Coronation 3  10 

,,       Hard  Splint 3    3 

„       Smithy  Coal 2    9 

,,       Bryant's  Splint 6    8 

„       Aleck's  Coal 2    7 

„       Coal 2    6 

„       LitUe  Splint 2    1 

Cowden  Coal 2    1 

„       Parrot  Seam 3    0 

„       Chalkieside  Lime  Coal 3    0 

The  Jewell  seam,  in  the  Mid  Lothian  section  (Edinburghshire), 
4  feet  in  thickness,  and  the  Coronation  seam,  in  the  carboniferous 
limestone  series,  8  feet  10  inches  in  thickness,  both  seams  worked 
at  Dalkeith,  have  been  examined  and  reported  upon  in  the 
'*  Third  Report  of  Coals  Suited  to  the  Steam  Navy,"  it  being 
observed,  during  the  experiments  on  these  coals,  ''that  they 
lighted  easily,  and  burned  freely,  without  the  production  of  much 
smoke.  They  also  required  little  stoking,  and  left  but  an  incon- 
siderable quantity  of  incombustible  matter." 

*  "  Coal  Fields  of  Great  Britain,"  4th  edition,  p.  305. 
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Besitlts  Tabulated.* 


Constituents. 


DALKEITH. 


Coronation 
Ideaiu. 


Jewell  Seam. 


Carbon 
Hydrogen 
Nitrogen 
Sulphnr    . 
Oxygen 
Asn  . 


76-94 
5-20 

trace 
0-38 

14-37 
3-11 


74-55 
5-14 
0-10 
0-33 

15-51 
4-37 


Total 

Yield  of  coke    . 
Specific  gravity    . 
Weight  of  cubic  foot  of  coal 
Space  occupied  by  one  ton   . 


100-00 


10000 


53-5 

1-316 
55*16  lbs. 
43-36  c.  f. 


49-8 

1-277 
49-8  lbs. 
44-98  c.f. 


The  Bast  iKitliiaA  Coal-fleld  (Haddingtonshire),  with  an  area 
of  30  square  miles,  possesses  ten  seams  of  coal  of  varying 
thickness.  The  strata  in  which  they  occur  is  carboniferous 
limestone,  which  completely  encircles  the  coal-field  on  the  east 
and  south-east.  The  coal  and  ironstone  of  this  area  are  regarded 
as  the  equivalents  of  the  edge-coals  of  Mid  Lothian.  The  follow- 
ing is  a  section  of  the  coal  series  of  East  Lothian  : — f 

Coal  Sebies  of  East  Lotbixs, 


Coal ''Great Seam"  .... 

Strata 

Splint  Coal 

Strata     ..... 
Parrot  Coal 

Strata    ..... 
Three-foot  Coal 

Strata     ..... 
Four-foot  Coal 

Strata 

Five-foot  Coal        .... 

Strata  with  Black  Band  Ironstone 
Fanwood  Coal        .... 

Strata 

Splint  and  Bough  Coals  (16  ft.  apart) 4 

Strata 100 

Haoghielin  Coals  (sometimes  *'  Parrot  Coal ")        16  in.  to        1 

Strata  ....  35 


from  7  it.  to 
from  7  ft.  to 


from  3  ft.  8  in.  to 


ibout 


Ft. 
7 
50 
4 
18 
1 
34 
2 
9 
4 
118 
4 
130 
1 
72 


In. 
0 
0 
0 
0 
8 
0 
6 
0 

11 
0 
0 
0 
6 
0 
0 
0 
6 
0 


•  The  above  series  repose  on  the  Lower  Limestone  group,  con- 

*  Report  on  Coal  salted  to  the  Steam  Navy,  p.  9. 

t  "  Geology  of  the  East  Lothian  Coal  Field,**  by  Messrs.  HoweU,  Geikie,  and 
Yonng,  1866,  p.  67. 
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sisting  of  three  principal  beds  of  limestone.  These  limestones 
form  a  broad  zone,  encircling  the  coal-field  on  the  east  and  south- 
east; and  underneath  occur  the  calciferous  sandstones^  rich  in 
its  fauna  and  flora. 

Fifesliire  Ckml-fleld. — Situated  on  the  north  side  of  the  Firth 
of  Forth,  for  nearly  a  distance  of  80  miles,  but  with  a  varying 
width,  possesses  some  important  seams  of  coal,  and  some  anthra- 
cite^ valuable  for  household  purposes,  gas  manufacture,  iron  smelt- 
ing, and  steam  purposes.  In  this  coal-field  occur  29  coal  seams, 
having  an  aggregate  thickness  of  120  feet.  Nearly  the  whole  of  the 
seams  enter  the  sea  between  Kirkaldy  and  East  Wemyss,  and  many 
of  these  are  of  high  quality  for  the  purposes  above  enumerated. 

The  following  analyses  exhibit  generally  the  constituents  of 
the  coals  examined  and  extensively  raised  in  the  Fifeshire  coal- 
field. The  first  analysis  refers  to  the  **Fordell  Splint  Coal," 
from  the  colliery  of  the  same  name.  The  seam  varies  from 
4  to  4^  feet  in  thickness,  and  is  raised  frqm  the  '^  Splint  seam,*' 
at  a  depth  of  from  50  to  80  fathoms  from  the  surface.  This  coal 
is  described  as  hard,  bituminous,  and  lively  in  burning,  and  when 
broken  divides  into  rhombic  fragments ;  spots  of  pyrites  sometimes 
occur,  but  not  in  any  considerable  quantity.  The  second 
analysis,  the  ''Elgin  Wallsend,"  raised  in  the  Balmule  Colliery, 
a  steam  coal,  resembles  much  in  appearance  the  Fordell  Splint, 
is  described  as  a  caking  splint  coal  of  cubical  texture,  burning 
freely  with  a  strong  flame.  The  third  is  an  analysis  of  "  Splint 
Coal,"  raised  at  the  Wellwood  Colliery,  and  used  for  raising 
steam  and  iron  smelting : — * 


Conctitoents. 

riKEUHIKK  COALS. 

Fordell 
Siiliiit  Cool. 

Balmule 
Elgin  Wallsend. 

Wellwood 
Splint  Coal. 

Oarbon   .... 

H^'drogen  .        . 

Nitrogen 

Sulphur 

Oxygen  ... 

Total  . 

Yield  of  ooke             .     . 
Specific  gravity 

79*58 
;>*50 
1*13 
1*46 
8*33 
4*00 

76*09 
5*22 
1*41 
1*63 
5*05 

10*70 

81*36 
6*28 
1-53 
1*57 
6*37 
2*89 

100*00 

100*00 

100.00 

52-03 
1*25 

58*45 
1*20 

59*15 
1.27 

*  Report  on  Coal  suited  to  the  Steam  Navy,  p.  9. 
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Clackmajinanshire  Coal-field. — This  coal-field  extends  along 

the  northern  and  eastern  banks  of  the  river  Forth,  and  is  in  three 

divisions,  separated  by  formidable  faults.     The  southern  portion 

is  much  exhausted ;  the  middle  area  has  long  been,  and  still  is, 

extensively  worked,  and  the  northern  field  is  comparatively  entire 

north  of  the  river  Devon.    The  following  is  a  section  of  the  coals, 

in  descending  order,  at  Old  Sauchie  : — * 

Ft.  In. 

Coal 2  6 

Three-foot  Coal 3  0 

Upper  Five-foot 5  0 

Four-foot  Coal 4  0 

Nine-foot  Coal 9  0 

McNiahCoal 2  9 

MoBie  Coal 2  0 

Lower  Five-foot 6  0 

Splint  Coal 2  9 

Coalsnaughton 4  6 

Total 40    6 


Ayrshire  CoaL-field. — This  productive  area  is  separated  firom 
the  Clyde  basin  by  the  Dunlop  Hills  and  rocks  of  trap  of 
Devonian  age.  Much,  however,  of  the  minerals  have  been 
destroyed  through  the  agency  of  intrusive,  igneous  masses  and 
dykes  of  dolerite  and  basalt,  which  also  interferes  to  a  great 
extent  with  the  prosecution  of  successful  mining  operations.  The 
Girvan  Valley,  an  important  district,  has  an  elongated  coal-field 
about  four  miles  long  and  half  a  mile  broad,  the  greatest  depth 
being  probably  150  fathoms,  embracing  six  seams  of  coal,  of 
which  much  is  already  worked  ;  these  are : — 

THICKNESS. 
Ft.  Pt     In. 

The  Main  Coal 10  to    12    0 

Little  Coal 3„      4    0 

Cannel  Coal 3„50 

Coral  Coal 3    6 

Craigie  Coal ..39 

Eotten  Coal 6    0 

In  the  Dalmellington,  Patna,  and  Littlemill  districts,  some 
extensive  seams  occur.  At  the  Dalmellington  Iron  Works  the 
Patna  seams,  three  in  number,  and  21  feet  thick,  are  chiefly  used. 

In  the  New  Cumnock  district  some  important  seams  are  being 
wrought  in  a  section  at  Colbum.  There  are  nine  seams,  giving 
an  aggregate  thickness  of  23  feet ;  and  at  Pathhead  seven  seams, 

*  Mr.  John  GeddeB,  M.B.,  Coal  Commission  Beport,  voL  i.,  page  76, 1871. 
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giving  a  thickness  of  27  feet  11  inches.  Other  sections  at 
Muirkirk  and  Lugar,  important  districts  in  the  coal-field,  give 
the  following  seams  and  thicknesses  : — 


MUIAKIBK. 

THIOKVBS& 
Ft.  In. 

Coke  Yard  Seam    .                 .50 
EUCoal 3 


Splint  Coal 
Seven-foot  Coal. 
Nine-foot  Coal 
Soft  Coal   . 
Oatdhybum  Coal 
liacdonald  Coal 


.  2 

.     .  8 

.  9 

.     .  3 

5ft.  to  9 

.     .  4 


0 
4 
0 
4 
0 
0 
6 


LUOAB. 


EUCoal 3 

Main  Coal 4 

Coal 3 

Main  Coal 4 

Coal 2 

Mussel  Coal                        .     .  2 

Coal 2 

Coal 2 


THICKNESS. 
Ft.  In. 

0 
0 
6 
0 

4 
2 
7 
0 


In  the  districts  of  Kilwinning,  Dreghom,  and  Kilmarnock,  the 
section  of  coal  is  various ;  at  Kilwinning,  nine  seams,  of  a  total 
thickness  of  21  feet  9  inches ;  at  Dreghom,  6  seams,  20  feet 
7  inches ;  and  at  Kilmarnock,  nine  seams,  28  feet  7  inches  in 
thickness ;  the  Five-quarter  coal,  at  Dreghom,  attaining  a  thick- 
ness of  4  feet  6  inches. 

Of  the  coals  of  the  Ayrshire  coal-field,  valuable  alike  for  house- 
hold purposes,  for  the  manufacture  of  gas,  and  steam  purposes, 
the  annexed  analyses  of  the  coal  raised  at  the  Hurlford  and  Sker- 
rington  collieries  of  Messrs.  Gilmour  &  Co.,  and  at  the  Eglinton 
Colliery  of  Mr.  Archibald  Kenneth,  show  the  respective  com- 
position of  the  Main  seam  in  each  colliery,  as  follows : — 


Constitueutii. 

Hurlford,  &c. 

Eglinton. 

Carbon 

Hydrogen         .... 

Nitrogen 

Sulphur 

Oxygen 

Aflh 

Total        .... 

79-82 

5-82 

•94 

•86 

11-31 

1-25 

80-08 
6-50 
1-55 
1-38 
8-05 
2-44 

100-00 

100-00 

Yield  of  coke    .... 
Specific  gravity   • 

49-30 
1-241 

54-94 
1-25 

LMmahago  Coal  Ba«in«  a  detached  area  seven  and  a  half 
miles  from  east  to  west  and  from  north  to  south,  belonging  to 
the  carboniferous  limestone  series.  It  is  said  that  three-fourths 
of  this  area  is  stored  with  coal  of  second-class  quality,  giving,  at 
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PonMch,  an  aggregate  thickness  of  58  feet,  enclosed  in  a  vertical 
section  of  1,200  feet  of  strata.  Several  valuable  seams  of  coal 
occur  in  this  area,  the  coal  being  in  good  request,  owing  to  its 
large  yield  of  gas  for  illuminating  purposes.  Analyses  of  the 
Lesmahago  and  other  Cannel  coals  will  be  found  at  page  269. 

Other  small  areas  of  coal  occur  at  Canobie,  in  Dumfriesshire ; 
at  Campbeltown^  in  Argyleshire ;  at  Brora,  in  Sutherlandshire ; 
and  in  the  Isle  of  Skye,  all  of  considerable  importance  in  their 
respective  districts. 

The  Brora  coal-field  appears  to  have  been  worked  as  far  back 
as  the  year  1598,  when  the  first  pit  was  opened  by  the  then 
Countess  of  Sutherland ;  the  coal  of  the  Brora  area,  it  is  under- 
stood, was  extensively  wrought,  at  an  early  period,  chiefly  in 
connection  with  salt  manufacture,  and  was  discontinued  about 
the  year  1832,  probably  because  of  its  ceasing  to  be  profitable 
after  the  duty  was  taken  off  salt.  The  coal  of  Brora  is  of 
oolitic  age  ;  the  seam  is  3  feet  6  inches  thick,  and  it  is  generally 
regarded  as  the  only  deposit  of  the  kind  worked.  It  is  a  valuable 
coal  in  that  northern  district  of  Britain,  and  is  found  to  be  con- 
stituted as  follows,  the  analysis  being  made  from  an  average 
sample : — 

Results  Tabulated. 

Fixed  carbon 49*24 

Volatile  matter 26*50 

Sulphur 6*40 

Moisture 4*20 

Aah 13-86 

100*20 


When  coked,  it  yields  62*90  per  cent.,  the  ash  contained  in 
coke  amounting  to  21*71  per  cent.  ,*  sulphur,  6*08  per  cent. ; 
specific  gravity  of  coal,  1*88;  and  the  approximate  heating 
power,  '686. 

Production  and  Distribntion  of  CoaL — The  pages  of  the 
''Coal  Commission  Beport "  contain  much  interesting  information, 
bearing  on  the  early  history  of  coal-mining  in  Scotland,  of  the 
Charters  granted  in  successive  reigns,  from  a.d.  1189,  when  the 
earliest  record  appears,  of  a  grant  to  work  coal  to  the  Abbey  of 
Newbattle  by  Sayer  de  Quinci,  Earl  of  Winchester.  Details  are, 
however,  absent  showing  the  early  development  of  the  coal-fields 
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of  Scotland.  The  earliest  returns  available,  showing  the  number 
of  collieries  and  the  production  of  coal,  commenced  about  the 
year  1854.  Various  estimates  had  appeared  in  previous  years, 
prepared  by  experienced  authorities  conversant  with  the  develop- 
ment of  the  coal-fields  of  Great  Britain,  but,  at  the  best,  they 
were  but  approximations.  In  the  year  1864,  Mr.  Kobert 
Williams,  H.  M.  Inspector  of  Mines,  made  a  careful  inquiry,  and 
found  that  897  collieries  were  in  active  operation,  winning  coal, 
in  that  year,  to  the  amount  of  7,448,000  tons  in  Scotland.  In 
the  year  1855  there  were  403  collieries,  the  output  of  coal 
amounting  to  7,825,000  tons,  showing  a  falling  off,  compared  with 
the  previous  year,  of  123,000  tons. 

The  great  bulk  of  the  production  of  1855  was  consumed  in  the 
numerous  industries  of  Scotland.  The  blast  furnaces  reducing 
the  ores  of  iron  to  a  metallic  state,  consumed  2,152,800  tons ;  in 
the  conversion  of  pig  into  malleable  iron  367,200  tons  were  used; 
and  in  manufactures,  steamboats,  and  the  domestic  consumption 
of  Glasgow,  2,858,427  tons  were  employed,  the  remaining 
quantity,  amounting  to  1,951,573  tons,  being  distributed  by  rail- 
way and  conveyed  to  ports  of  shipment  for  conveyance  coastwise 
and  for  exportation,  the  former  amounting  to  530,971  tons,  and 
the  latter  to  444,760  tons. 

The  coal-fields  of  Scotland  are,  for  purposes  of  inspection, 
divided  into  an  eastern  and  western  division,  the  former  under 
the  inspection  of  Mr.  Ralph  Moore,  and  the  latter  under 
Mr.  William  Alexander.  The  following  are  the  districts  under 
the  inspection  of  the  above-named  gentlemen,  comprising  coal 
areas  in  the  shires  named  : — 


XASTIRN  DIYIBTON. 

Lanarkshire  (East  division). 

Fifeshire. 

Clackmannanshire. 

Haddingtonshire. 

Edinburghshire. 

Linliihgowshiro. 

Stirlingshire  (East  division). 

Perthshire. 

Suiherlandshire. 


WESTBRir  DIVISION. 

Lanarkshire  (West  division;. 

Ayreliire. 

Stirlingshire  (West  division). 

Dumbartonshire. 

Benfrewshire. 

Argyleshire. 

Diunfriesshire. 


Following  the  growth  of  the  coal  industries  of  Scotland,  since 
the  year  1865,  the  annexed  abstract  shows  the  number  of 
collieries  and  the  output  of  coal  in  each  inspection  district : — * 

*  Beporis  of  H.  M.  Inspectors  of  Coal  Mines. 
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Tear. 

EASTERN  DIVISION. 

WEffTERN  DIVISION. 

Number  of 
Collieries. 

Coal. 

Number  of 
Collieries. 

Coal. 

1866 
1867 
1858 
1869 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

199 
210 
214 
219 
228 
226 
247 
270 
274 
274 
263 
263 
230 
211 
207 
216 
262 
260 
320 
334 
334 
305 
304 
361 
361 

Tons. 

4,512,000 

4,598,000 

4,598,000 

4,750,000 

5,150,000 

5,225,500 

5,300,000 

5,250,500 

6,250,000 

6,400,000 

6,350,000 

7,897,368 

8,456,084 

7,879,600 

8,595,238 

8,883,926 

9,046,814 

10,142,039 

10,182,326 

11,419,619 

11,667,648 

11,452,373 

11,667,559 

11,300,567 

12,019,443 

206 
215 
203 
194 
199 
198 
201 
212 
223 
223 
218 
218 
203 
201 
204 
204 
201 
239 
234 
232 
232 
222 
230 
312 
290 

Tons. 
4,600,000 
5,613,473 
6,620,000 
5,660,000 
6,760,000 
5,866,000 
5,776,000 
5,860,000 
6,160,000 
6,250,000 
6,275.000 
6,228,575 
6,253,875 
6,637,660 
6,339,316 
6,664,365 
6,336,795 
6,715,733 
6,606,336 
7,177,888 
6,997,964 
6,867,701 
6,169,723 
6,169,360 
6,256,443 

Summarising  the  above  returns,  the  total  coal  produce  of 
Scotland  appears  as  follows  in  each  year  since  1856  : — 


Year. 

Number  of 

Collieries. 

1866 

383 

1866 

405 

1857 

425 

1868 

417 

1869 

413 

1860 

427 

1861 

424 

1862 

448 

1863 

482 

1864 

497 

1865 

497 

1866 

481 

1867 

481 

Coal. 


Tons. 

7,325,000 
9,012,000 
10,211,473 
10,218,000 
10,300.000 
10,900,000 
11,081,000 
11,076,000 
11,100,500 
12,400,000 
12,660,000 
12,626,000 
14,125,943 


Year. 


1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 


Number  of 
Collieries. 


433 
412 
411 
490 
463 
499 
564 
566 
566 
527 
534 
673 
650 


Coal. 


Tons. 
14,709,969 
14,417,160 
14,934,553 
16,438,291 
15,383,609 
16.857,772 
16,788,661 
18,697,607 
18,665,612 
18,320,074 
17,837,282 
17,469,927 
18,274,880 
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For  comparison,  it  may  be  stated  that  the  total  amount  of  coal 
raised  in  Great  Britain,  in  the  year  1856,  was  66,645,500  tons, 
increased  to  84,042,698  tons  in  the  year  1860 ;  ten  years  later, 
110,481,192  tons ;  and  in  the  year  1880  to  146,969,409  tons,  or 
76  per  cent,  increase  in  a  period  of  twenty  years. 

Of  the  coal  raised  in  Scotland,  in  the  last  three  years,  the 
following  table  shows  the  quantities  raised  in  each  of  the  principal 
coal-producing  districts : — 


Counties. 

1878.               1 

1879. 

1880. 

Tons. 

Tons. 

Tons. 

The  Western  District— 

Ben&ew                 .    . 

163,450 

134,872 

108,250 

Argyle 

105,596 

107,111 

113,411 

Ayr        .... 

3,184,429 

3,203,052 

3,106,965 

Dumbarton 

210,520 

216,282 

234,556 

West  Lanark .        .     . 

2,253,660 

2,250,504 

2,399,840 

West  Stirling      . 

252,068 

257,539 

292,421 

The  Eastern  Distridr^ 

Clackmannan         .     . 

273,213 

271,664 

268,090 

Edinburgh . 

725,122 

758,371 

793,804 

Fife        ...     . 

1,676,901 

1,726,701 

1,930,511 

Haddington 

221,639 

233,276 

243,302 

EastLuiark  .        .     . 

7,683,595 

7,135,416 

7,627,159 

Linlith^w. 

394,721 

464,823 

448,955 

East  Sturling  .        .    . 
Total . 

692,368 

710,316. 

707,622 

17,837,282 

17,469,927 

18,274,886 

•»      .^                        •%•  • 

•            A.I 

•%     r»      ^   ^                 » 

^-^              M  m                «               .  « 

Inspector  in  his  report  for  the  year  1880  gives  some  particulars 
showing  the  proportion  of  coal  raised  by  the  two  methods  of 
working  coal  in  his  district,  namely,  the  "Long  Wall"  and 
"Stoop  and  Boom;"  and  remarks,  that  taking  the  quantities 
raised  by  each  method,  there  were  26  per  cent,  less  accidents  by 
the  "  Stoop  and  Room  "  than  by  the  "  Long  Wall "  system.  The 
total  output  of  the  district  in  1880  was  12,019,448  tons,  of  which 
quantity  5,884,296  tons  were  obtained  by  the  "  Long  Wall,"  and 
6,186,147  tons  by  the  "  Stoop  and  Room  "  mode  of  working.* 

Haying  thus  far  traced  the  output  of  the  collieries  in  the 
eastern  and  western  inspection  districts,  it  will  be  interesting  to 
summarise  the  returns  and  indicate  the  respective  quantities 
produced  in  each  county  in  Scotland  in  each  of  the  above  years, 
and,  for  comparison,  the  quantities  raised  in  the  year  1874 ;  the 
details  are  as  follows : — 

*  BcportB  of  H.  M.  Inspectors  of  lllnes,  1880,  p.  192. 
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Counties. 

1874. 

1878. 

1879.                       1880. 

Quantities. 

Quantities. 

Quantities. 

Quantities. 

Lanarkshire .     . 
Ayrshii-e    . 
Fifeshire       .     . 
i  Stirlingshire 
Edinburghshire 
I  Linlithgowshire 
i  Haddingtonshire 
Dumbartonshire 
Perth,  Kinross,  \ 
Clackmannan 
and     Suther- 
landshire         J 
Renfrewshire     . 
Argyle     and } 
Dumfries     .    ] 

Total      .     . 

Tons. 

9,461 ,6S2 

3,148,922 

1,390,678 

948,664 

567,998 

454,566 

193,964 

141,988 

197,774 

181,678 
100,749 

Tons. 

9,937,255 

3,184,429 

1,676,901 

944,436 

725,122 

394,721 

221,639 

210,520 

273,213 

163,450 
105,596 

Tons. 

9,385,920 

3,203,052 

1,726.701 

967,855 

758,371 

464,823 

233,276 

216,282 

271,664 

134,872 
107,111 

Tons. 

10,026,999 

3,106,965 

1,930,511 

1,000,043 

793,804 

448,955 

243,302 

234,556 

268,090 

108,250 
113,411 

16,788,661    1  17,837,282 

17,469,927 

18,274,886 

Mr.  Balph  Moore,  in  his  "  Keports  of  the  Eastern  District  of 
Scotland/'  gives  some  very  interesting  facts  concerning  the 
collieries  in  his  inspection,  and  the  production  of  coal,  not  only 
of  the  large  companies,  but  also  of  individual  firms.  These  facts 
appear  in  the  annexed  figures  for  the  years  1874,  1878,  and  1879, 
showing  the  number  of  mines  of  all  kinds,  shafts,  collieries,  pits, 
and  companies  working  coal  under  the  Coal  Mines  Regulation 
Acts,  1872,  and  the  Metalliferous  Mines  Regulation  Acts,  1875. 


Mines  of  all  kinds             .        • 
Shafts  of  all  kinds        .         .     . 

Collieries 

Coalpits 

Companies  working  Coal  . 

1874. 

1878. 

1879. 

Nos. 
366 
744 
336 
660 
230 

Nos. 
348 
695 
293 
611 
191 

1    ■ 

Nos. 
361 
686 
305 
601 
191 

From  these  reports,  the  number  of  companies  working  coal 
shows  that  the  collieries  are  gradually  increasing  in  extent,  and 
becoming  larger.  This  is  clearly  apparent  in  the  Inspector's 
returns  for  the  years  1875  and  1876,  which  were  as  follows,  show- 
ing that  in  the  last-named  year  25  companies,  in  the  eastern 
district,  raised  upwards  of  50  per  cent  of  the  total  production  : — 
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1876. 

TOKS. 

1875. 

T0M8. 

1  firm  raised  over 

670,000 

1  firm  raised  oyer 

630,000 

1    „ 

410,000 

1    >»           >>          • 

440,000 

3  firms        ,, 

.     1,050,000 

*    >»           >f               • 

340,000 

2    „ 

500,000 

3  firms        „           •    . 

900,000 

1  firm         „ 

300,000 

2    ))           >} 

500,000 

5  firms        „           .     . 

1,000,000 

^    f»           f»           •     ' 

800,000 

7    „ 

.     1,050,000 

^99                        >» 

.     1,050,000 

5    „ 

600,000 

14 

,     1,680,000 

22    „ 

.     1,760,000 

18        „                         ,, 

.     1,440,000 

34    ,,            ,,            .     < 

.     1,360,000 

23    ,,            ,,            .     . 

900,000 

135    „ 

.     5,900,000 

l44    ,,             ,, 

.     5,760,000 

The  greatest  quantity  of  coal^  at  this  period,  put  out  of  a 
single  shaft,  was,  in  1876,  186,000  tons,  compared  with  145,000 
tons  in  the  previous  year,  while  the  greatest  quantity  of  coal  put 
out  of  a  pair  of  shafts  in  1876  was  212,000  tons,  compared  with 
210,000  tons  in  the  previous  year.  In  the  year  1879  and  pre- 
vious year,  the  details  under  the  same  head  were  as  follows  : — 


1879. 

TOHS. 

1878. 

Toirs. 

2firm8iai8ed 

over 

.  400,000  each 

1  firm  raised  over 

.  480,000 

Ifiim        , 

> 

.  350,000 

1    „ 

.  450,000 

2finiM       , 

9 

.  300,000  each 

2  firms 

.  350,000  each 

2    „ 

*9 

.  250,000    „ 

1  firm 

.  300,000 

«    „ 

it 

.  200,000    „ 

2  firms 

.  250,000  each 

8    ,. 

M 

.  160,000    „ 

5    „ 

.  200,000    „ 

7    „ 

M 

.  120,000    „ 

8    ;, 

.  150,000    „ 

18    „ 

99 

.     80,000    „ 

9     „ 

.  120,000    „ 

39    „ 

>> 

.     40,000     „ 

19     „ 

.     80,000    „ 

107    „ 

}9 

under  40,000    „ 

37     „ 

.    40,000    „ 

107     „ 

under  40,000    „ 

IMsiri1rati0n  of  CoaL — ^Very  full  and  complete  information, 
showing  the  distribution  of  coal,  sent  coastwise  and  exported  to 
foreign  countries,  appears  in  the  Parliamentary  Returns  (annual) 
of  coal,  cinders,  and  culm.  From  these  returns  the  following 
facts  have  been  prepared,  showing  the  quantities  thus  distributed 
before  the  year  1800 : — 


Tear. 

Coastwise. 

Exported. 

Total. 

Tons. 

Tons. 

Tons. 

1790 

74,925 

33,416 

108,341 

1791 

82,446 

36,679 

119,125 

1792 

71,073 

29,752 

100,825 

1793 

67,396 

20,062 

87,458 

1794 

61,687 

30,052 

91,739 

1795 

56,014 

20,107 

76,121 

1790 

71,891 

31,115 

103,006 

1797 

52,745 

19,431 

72,176 

1798 

58,923 

24,849 

83.772 

1799 

52,029 

11,838 

66,863 
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The  principal  ports  of  shipment  on   the  western  coast   of 

Scotland  are  Glasgow,  Ayr,  and  Greenock.    Irvine  was  also  a 

shipping  ijort  of  considerable  importance  from  the  year  1833  to 

the  year  1864,  since  which  latter  year  the  port  has  disappeared 

from  tlie  list  as  a  port  of  shipment.     In  the  annexed  abstract 

appear  the  aggregate  quantities  of  coal  shipped  coastwise  and 

exported  from  the  western  i^orts  of  Scotland  in  each  of  the  years 

named : — 

Western  Ports  op  Sootland. 


Year. 

Glasgow. 

In-iiie. 

AjT. 

Greenock. 

Ttins. 

Tons. 

Tons. 

Tons. 

1830 

3,167 

5,847 

«  •  • 

12,102 

1835 

85,382 

150,127 

54,021 

14,533 

1840 

112,245 

272,102 

91,638 

28,094 

1845 

96,351 

215,383 

81,892 

23,886 

1850 

108,306 

264,087 

72,264 

21,382 

1855 

136,818 

312,882 

64,426 

27,300 

1860 

159,989 

497,118 

66,863 

63,805 

1865 

205,364 

♦280,616 

126,597 

92,684 

1870 

314,758 

•  •  • 

102,668 

145,863 

1875 

599,706 

•  •  • 

279,499 

248,368 

1876 

548,355 

•  ■  « 

285,014 

178,772 

1877 

586,379 

•  •  • 

332,686 

162,320 

1878 

566,720 

•  •  • 

384,846 

150,254 

1879 

528,105 

•  •  • 

362,530 

137,435 

1880 

484,023 

•  >  • 

311,660 

123,931 

Turning  to  the  ports  on  the  eastern  coast  of  Scotland,  the 
more  important  of  which  are  Grangemouth,  Borrowstowness,  Kirk- 
caldy, and  Leith,  all  of  which  have,  in  a  greater  or  less  degree, 
contributed  to  the  distribution,  coastwise  and  to  foreign  countries, 
the  following  figures  show  tlie  quantities  sent  away  in  each  of  the 
years  named.  The  other  ports  shipping  coal  on  the  eastern  coast 
are  those  of  Dundee,  Granton,  and  Alloa,  while  on  the  western 
coast,  in  recent  years,  Troon  and  Ardrossan  have  become  im- 
portant points  of  sliipment.  The  two  last-named  ports  shipped 
the  annexed  quantities  in  the  four  years  ending  1880 : — 


Year. 

Troon.                     Ardrossan. 

1877 
1878 
1879 
1880 

Tons. 
551,045 
457,391 
502,476 
433,783 

Tons. 
247,005 
238,236 
287,867 
227,236 

*  Return  for  the  year  1864. 
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Eastern  Ports  of 

Scotland. 

,      Year. 

1 

Grangemoath. 

Borrowstowness. 

Kirkcaldy. 

Leith. 

Tons. 

Tons. 

Tons. 

Tons. 

1830 

1,670 

15,344 

2,550 

2.872 

1835 

81,784 

134,256 

51,606 

51,285 

1840 

92,487 

169.947 

63,137 

42,959 

1845 

16,963 

141,311 

65,884 

18,552 

1850 

26,373 

116,991 

84,943 

13,843 

1855 

55,416 

146,978 

67,731 

40,254 

1860 

64,208 

276,327 

117,597 

42,289 

1865 

121,155 

250,394 

180,561 

104,916 

1870 

111,490 

293,308 

264,971 

117,494 

1875 

199,544 

347,033 

323,701 

375,807 

1876 

207,051 

386,599 

342,302 

336,611 

1877 

179.853 

270,327 

362,008 

309,131 

1878 

174,526 

277,249 

431,103 

201,276 

1879 

142,388 

298,080 

551,529 

196,132 

1880 

126,883 

325,153 

545,925 

215,404 

The  above  figui'es  indicate,  in  a  decided  manner,  the  develop- 
ment and  distribution  of  the  production  of  the  collieries  of  Scot- 
land during  the  past  half  century.  Other  ports,  in  late  years^ 
have  contributed  to  increase  the  distribution  of  the  coal,  and  iii^ 
the  following  abstract,  prepared  from  official  returns,  the  total 
quantities  of  coal  sent  coastwise  and  to  foreign  countries  appear. 
The  same  years  as  those  in  the  two  previous  summaries  have^ 
been  selected  for  comparison,  and  side  by  side,  as  far  as  possible,, 
the  production  of  coal  in  Scotland  has  been  given : — 


Year. 

,         Coastwise. 

Exported. 

Total. 

Produce  of  Scotland. 

Tons, 

Tons. 

Tons. 

Tons. 

1830 

•  ■  * 

47,080 

•  •  • 

•  •  t 

1835 

557,043 

71,671 

028,714 

•  •  • 

1840 

723,534 

156,792 

880,326 

•  •  • 

1845 

530,388 

465,173 

1,095,561 

•  •  • 

1850 

463,123 

336,453 

799,576 

•  ■  • 

1855 

530,578 

436,888 

967,466 

7,325,000 

1860 

743,214 

653,432 

1,396,646 

10.900,000 

1865 

863,291 

983,255 

1,846,546 

12,650,000 

1870 

1,061,586 

1,338,127 

2,399,713 

14,934,553 

1875 

1,408,352 

2,283,745 

3,692,097 

18,597,507 

1876 

1,307,296 

2,335,660 

3,642,956 

18,665,612 

1877 

1,278,703 

2,063,770 

3,342,473 

18,320,074 

1878 

1,325,617 

1,918,954 

3,244,571 

17,837,282 

1879 

1,422,073 

2,012,785 

3,434,858 

17,469,927 

1880 

1,215,816 

1,935,333 

3,151,149 

18,274,886 

In  the  last-named  year,  the  total  quantity  of  coal  sent  coast- 
wise in  the  United  Kingdom  was  12,061,183  tons;  that  exported 
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to  foreign  countries^  16,442,296  tons ;  the  declared  value  of  the 
exported  coal  amounting  to  d67,206,799 ;  the  total  output  of  the 
collieries  of  the  United  Kingdom  amounting  to  184,008,228  tons, 
an  increase  of  1,400,362  tons  on  the  previous  year. 

Bailway  Distribution. — ^In  the  early  returns  of  coal  conveyed 
\>j  railway  in  Scotland,  all  minerals,  comprising  coal,  ironstone, 
iron  ore,  limestone,  &c.,  were  included.  In  the  year  1854  the 
following  statement  shows  approximately  the  quantities  of  coal 
carried  by  the  Caledonian  Railway,  received  at  the  stations 
named,  and  amounting  to  251,982  tons ;  the  total  quantity  of  all 
kinds  of  minerals,  including  coals,  forwarded  by  the  system  in 
the  same  year,  being  set  down  at  404,168  tons.  The  details  of 
.coal  carried  appear  as  imder : — 

STATIONS.  TOirS. 

Edinburgh 24,034 

Olasgow 54,466 

Oreenock 54,024 

Carlisle 4,751 

:BaTrhead 49,163 

PollockshawB        •        *a 10,982 

Holytown .        .        .    ^ 42,414 

OreenhiU 12,098 

Total 251,932 

It  is  not  again  until  the  year  1858  that  returns  are  available  ; 
•we  then  have  the  distribution  of  coal  in  Scotland  for  that  year. 
The  annexed  statement  shows  the  distribution  under  the  respec- 
iiive  heads;  the  total  produce  of  Scotland  in  that  year  being 
.8,926,249  tons  :— 

HOW  DISTRIBUTED.  TONS. 

Consumed  in  ironworks 3,750,200 

Exported  coastwise    . 565,672 

Exported  to  foreign  oountries 543,377 

Consumed  in  manufactories 1,750,000 

Employed  in  steam  vessels 602,000 

Employed  in  locomotives  and  railways      .        .        .    .  465,000 

€k>lliery  consumption  and  domestic  use  ....  1,250,000 

Total 8,926,249 

In  the  year  1867,  and  since,  the  coals  carried  by  the  several 
railway  systems  traversing  the  coal-fields  have  been  regularly 
published ;  in  this  year  the  quantities  carried  were  as  follows : — 
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lUILWATS.  TONS. 

Caledonian 3,198,960 

North  BritiBb 2,739,940 

Glasgow  and  South  Western 1,738,787 

Of  the  coal  carried  by  the  Caledonian  railways,  the  coal-fields 
of  Lanarkshire  contributed  8,183,035  tons ;  Stirlingshire,  17,444 
tons ;  and  Benfrewshire,  48,481  tons ;  while  of  the  coal  conveyed 
by  the  North  British  railways,  the  great  bulk  was  contributed  by 
the  Lanarkshire  and  Fifeshire  coal-fields.  Of  the  coal  carried 
by  the  Glasgow  and  South-Western  Eailway,  897,999  tons  were 
taken  to  the  coast  for  shipment ;  840,912  tons  deposited  at  the 
several  stations  on  the  line ;  and  499,976  tons  conveyed  to 
ironworks. 

In  subsequent  years,  since  1869,  the  quantities  by  the  several 
railways  appear  as  follows : — 


Year. 

Caledonian. 

North  Britialh 

Glasgow  and 
South  Western. 

Tons. 

Tona. 

Tons. 

1869 

4,023,209 

3,907,064 

1,690,207 

1870 

4,648,665 

3,197,001 

1,841,571 

1871 

5,014,894 

3,600,618 

1,937,177 

1872 

5,229,093 

3,797,249 

2,084,894 

1873 

5,305,060 

4,016,351 

2,163,263 

1874 

5,443,525 

3,841,856 

2,042,358 

1875 

5,942,943 

4,558,098 

2,335,294 

1876 

6,106,495 

4,693,068 

2,225,318 

1877 

6,646,254 

4,682,128 

2,446,585 

1878 

6,319,498 

4,615,407 

2,097,825 

1879 

5,983,056 

5,375,494 

2,537,576 

1880 

6,142,584 

5,753,779 

2,493,192 

Comparing  the  above  returns  of  the  Caledonian  Bailway  for 
the  years  1870, 1878,  and  1880,  the  annexed  abstract  will  show 
the  respective  increase  in  each  of  the  coal-producing  districts 
traversed  by  this  railway : — 


Coal  Fields. 

1870. 

187& 

1880. 

Stirlingshire      .        .    . 
Edinborg^ishiie 
Benfrewwiire    .        .    . 
Ayrshire        • 
Lmlithgowshire        .    . 
Seaborne  ooal  shipped ) 
inland      •                ) 

Total                .    . 

Tons. 

4,400,585 

17,732 

173,991 

566 

•  •  ■ 

•  *• 

55,791 

Tons. 
5,988,915 
61,545 
88,135 
9,508 
73,175 
65,048 

33,lt2 

Tons. 

5,736,794 

81,599 

122,016 

1,237 

74,512 

86,770 

39,656 

4,648,665 

6,319,498 

6,142,584 
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The  North  British  Railway  exliibits  in  each  of  the  same  years 
an  increase,  though  in  a  lesser  degree  than  that  of  the  Caledonian 
system.     The  details  are  as  follows  : — 


Coal  DistricU. 

1870. 

1878. 

1880. 

Tons. 

Tou8. 

Tons. 

Canobie. 

54,828 

38,928 

42,627 

Fifeshire   .        .        .     . 

944,483 

1,339,225 

1,639,094 

MoDklands     . 

1,636,299 

2,556,363 

3,252,810 

Plashetts  .        .        .     . 

46,934 

20,294 

12,962 

TheLothians. 

428,183 

564,338 

720,589 

Other   Collieries  on  ) 
Border  Section     .     ) 

Total  coals  carried 

86,274 

96,259 

85,697 

3,197,001 

4,615,407 

5,753,779 

Following  up  the  comparison  in  the  distribution  by  the 
Glasgow  and  South  Western  Railway,  the  annexed  statement 
shows  the  quantities  retained  for  home  use,  and  sent  for  ship- 
ment, in  each  year  since  1869  : — 


Year. 

For  Home  Use. 

For  Shipment. 

Tons. 

Tons. 

1869 

848,779 

841,428 

1870 

944,170 

897,401 

1871 

1,040,742 

896,435 

1872 

1,095.281 

989,613 

1873 

1,190,046 

973,217 

1874 

1,129,806 

912,552 

1875 

1,397,331 

937,963 

1876 

1,308,305 

917,013 

1877 

1,152,253 

1,294,332 

1878 

939,758 

1,158,027 

1879 

892,300 

1,645,276 

1880 

927,537 

1,565,655 

Prices  of  Coal  and  Cost  of  Production.  —  In  the  western 
district  of  Scotland,  in  the  year  1860,  the  average  cost  of  getting 
a  ton  of  coal  did  not  exceed  2«.  8J.  This  did  not  include  value 
of  property,  rent,  and  other  charges.  The  average  price  per  ton 
of  coal  at  bank,  in  the  same  year,  did  not  exceed  48. ;  cartage, 
6d.  per  ton  per  mile  ;  railway  charges,  for  short  distances,  Is. 
per  ton  for  six  miles,  and  Id.  per  mile  for  longer  distances ;  the 
average  price  of  coal  in  Glasgow  at  this  period  being  about  8s. 
per  ton.  Since  the  "  Coal  Mines  Regulation  Act,  1872,"  has  been 
in  operation,  the  annual  reports  of  the  inspectors  give  many 
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valuable  details  on  both  points,  more  especially  prices  and  wages. 
Mr.  Ralph  Moore,  in  charge  of  the  eastern  district  of  Scotland, 
in  his  Beport  for  the  year  ending  1874,  states  that  in  the  two 
preceding  years  there  were  periods  of  great  prosperity  in  the 
mining  industries.  A  decline,  however,  set  in  about  the  beginning 
of  1874,  continuing  to  the  end  of  the  year,  when  prices  reached 
nearly  an  ordinary  rate.  Thus  the  market  price  of  screened  coals 
in  Glasgow,  in  December,  1878,  was  IGs.  per  ton,  compared  with 
8«.  9d.  per  ton  in  December,  1874 ;  dross,  6«.  per  ton,  compared 
with  1«.  6d,  per  ton ;  miners'  wages,  in  1873,  varying  from  9«.  to 
10a.  per  day,  compared  with  5«.  to  6«.  per  day  in  1874  ;  while 
the  cost  of  hewing  coal  in  1878,  in  December  and  January,  1874, 
was  8«.  4d.  per  ton,  declining  to  Is.  lOd.  per  ton  in  December  of 
the  same  year. 

Prices  in  1876  were  somewhat  lower,  coals,  in  Glasgow,  being 
quoted  at  from  Gs.  8d.  to  7«.  per  ton ;  wages  at  this  period  being 
4«.  6d.  per  day.  Mr.  Moore,  in  his  Report  for  1876,  gives  some 
interesting  details  of  the  wages  of  two  miners  in  Lanarkshire, 
the  one  of  an  average  man,  the  other  of  a  first-class  man. 

The  first  worked  299  days  in  the  year,  and  sent  1,026  tons  of 
coal  to  bank,  receiving  wages  amounting  to  d£71  58.  Sd.,  exclusive 
of  deductions,  giving  an  average  rate  of  wages  of  4a.  9d.  per  day. 
The  first-class  miner  worked  800  days,  sending  1,150  tons  of 
coal  to  bank,  receiving  £88  18a^  Sd.  wages,  also  exclusive  of 
deductions,  giving  an  average  rate  of  w^ages  of  5a.  lid.  per  day. 

Notwithstanding  the  steady  declme  of  prices  and  wages,  the 
production  of  coal  has  been  steadily  maintained.  In  the  year 
1878  the  highest  price  of  Ell  or  household  coal,  free  on  board  at 
Glasgow,  was  9a.  S^d.  per  ton ;  splint  coal,  8a. ;  main  coal, 
7a.  id. ;  the  lowest  prices  being  6a.,  6a.  6d.,  and  5a.  6d.  per  ton 
respectively.  Comparing  with  prices  in  1880,  highest  of  Ell  coal, 
per  ton,  9a.  Od. ;  splint  coal,  9a.  Orf. ;  and  main  coal,  8a.  8d.  per 
ton  ;  the  lowest  prices  being  6a.  9d,  and  5a.  9d.  These  prices 
include  the  railway  dues.  The  actual  prices  realised  at  the 
pit's  mouth  would  be  about  2a.  6d.  per  ton  less  than  the  above 
quotations. 

Miners*  wages  in  1878,  in  the  beginning  of  the  year,  were 
nominally  4a.  6d.  per  day,  falling,  as  the  year  advanced,  to  3a.  9d. 
and  8a.  Gd.  per  day,  while  in  1879  the  average  wages  varied  from 
8a.  8rf.  to  8a.  9^^'.  per  day. 
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In  the  annexed  summary  appears  the  average  rate  per  day  of 
miners'  wages  in  each  year  since  1855  : — * 


Year. 

Miners'  Wa^es. 

Year. 

Miners'  Wages. 

8.     d. 

8.      d. 

1855 

4     4 

1867 

4    9 

1856 

4     3 

1868 

3    9 

1857 

4     0 

1869 

3    9 

1858 

3     0 

1870 

4    0 

1859 

3    3 

1871 

4    6 

1860 

3    6 

1872 

7     3 

1861 

3     0 

1873 

8    6 

1862 

3    6 

1874 

6    6 

1863 

3    6 

1875 

5    0 

1864 

4     0 

1876 

4    6 

1865 

4     6 

1877 

4     3 

1866 

5     6 

1878 

3     3 

Population  employed  in  Coal-mining. — ^Previous  to  the  year 
1864,  the  information  on  this  subject  is  more  or  less  of  an  ap- 
proximate character.  In  the  year  1861,  however,  the  Census  re- 
turns show  that  in  the  eastern  district  of  Scotland  18,091  persons 
were  employed,  and  in  the  western  district,  in  the  same  year, 
17,795  persons,  or  a  total  of  85,886  persons  employed  in  tlie 
collieries  then  in  operation.  In  1864,  and  subsequent  years,  the 
total  number  of  male  persons  employed  in  the  collieries  of  Scot- 
land were  as  follows ;  t  side  by  side,  the  total  of  coal  raised  in 
each  year  is  given,  and  the  average  quantity  raised  per  man : — 


Year. 

PKRSOKS  EMPLOYED. 

1 

Coal  Raised. 

Average 
perlfan. 

Eastern. 

Western. 

Total. 

1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 

Nos. 
21,150 
21,150 
21,200 
29,000 
29,000 
28,000 
27,330 
27,300 
30,000 

Nos. 
18,073 
18,375 
20,046 
21,075 
21,160 
20,007 
19,654 
19,561 
20,639 

Nob. 
39,223 
39,525 
41246 
50,075 
50,160 
48,007 
46,984 
46,861 
50,639 

Tons. 
12,700,000 
12,800,000 
12,034,638 
14,125,943 
14,709,959 
14,637,043 
14,934,553 
15,438,291 
15,383,609 

Tons. 
323 
324 
292 
282 
293 
305 
317 
329 
303 

Since  the  passing  of  the  "  Coal  Mines  Regulation  Act,  1872," 
which  came  into  operation  the  following  year,  the  numbers  of 

*  Messrs.  James  Watson  &  Co.,  Glasgow, 
t  Betums  of  H.M.  Inspectors  of  Coal  Mines. 
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persons  employed  above.ground  and  under  ground  are  separately 
given,  distinguishing  those  engaged  in  coal  mines  from  those 
employed  in  ironstone  and  shale  workings.  The  numbers  of 
persons  working  in  coal  mines,  in  the  two  districts  of  Scotland 
were  as  follows,  with  the  total  output  of  coal,  and  the  average 
output  per  man  in  each  of  the  same  years : — 


EA8TEBK. 

WESTERN. 

1 

Average 

l»er 

Han. 

Year. 

Under          Above 
Ground.        Ground. 

1 

Under 
Ground. 

Above 
Ground. 

Total.      ;     Coal  Raisetl. 

1 
11 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 

29,880 
31,294 
29,321 
28,765 
27,422 
28,616 
29,289 
29,559 

Nos. 
5,854 
6,254 
6,080 
0,139 
5,798 
5,802 
5,831 
5,980 

Nos. 
19,365 
19,020 
17,507 
16,342 
15,516 
14,534 
14,899 
14,703 

Nos. 
3,426 
3,600 
3,489 
3,294 
3,332 
2,913 
2,812 
2,888 

Nos. 
58,525 
60,168 
56,397  ; 
54,540 
52,068 
51,865 
52,831 

53,130  1 

*         1 

Tons. 

16,857,772 
16,788,661 
18,597,507 
18,665,612 
18,320,074 
17,837,282 
17,469,927 
18,274,886 

Tons. 

288 

278 

330 

342 

351 

344 

330 

344 

The  returns  of  the  number  of  persons  employed  in  the  coal 
mines  of  Scotland,  in  1879,  show  an  increase  of  766  over  1878, 
although  the  quantity  of  coal  produced  shows  a  decrease  of 
367,355  tons.  While  comparing  the  average  produce  per  man, 
an  increase  is  shown  from  1873  to  1877,  since  which  date  a 
fi^ng  off  appears,  due  to  strikes  and  restriction  of  output  on 
the  part  of  the  miners.  The  respective  ages  of  all  persons 
employed  in  coal-mining  in  Scotland,  in  1879,  were  as  under : — * 


All  Ages. 

EASTERK. 

TotaL 

Under 
Ground. 

Above 
Ground. 

Under 
Ground. 

Above 
Ground. 

From  12  to  13  .        .    . 
„     13  to  16 

„           13   to    16       a 

Above  16       a        a        . 

„              16     •        *         a                  •         • 

Total . 

Nos. 

224 
2,973 

26^092 

Nos. 

2 
351 

81t 
4,847 
550t 

Nos. 

119 
1,498 

13^282 

•  •  • 

Nos. 

156 

2,606 

41t 

Nos. 

345 

4,978 

90t 

46,827 

591 

29,289 

5,831 

14,899 

2,812 

52,831 

BemmroMi  uid  probable  Ihiration  of  the  Scotch  CoaI-field«.~ 
Beferring  to  the  labours  of  the  Royal  Coal  Commission,  ap- 
pointed in  the  year  1866  *'  to  investigate  the  probable  quantity  of 

*  H.M.  Inspectors  of  Coal  Mines  Report.  f  Females. 
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coal  contained  in  the  coal-fields  of  the  United  Kingdom,  and  to 
report  upon  the  quantity  of  such  coal  which  may  be  reasonably 
expected  to  be  available  for  use/'  we  have  the  following  summary 
of  results,  showing  the  quantity  of  coal  available  for  future  use 
in  the  coal-fields  of  Scotland  in  1870  : — * 

Summary. 

TON*. 

Edinburgh 2,153,703,360 

Lanarkshire 2,044,090,216 

Eifesliire 1,098,402,895 

Ayrshire 1,785,397,089 

East  Lothian 86,849,880 

Firth  of  Forth 1,800,000,000 

Dumfriesshire 358,173,995 

West  Lothian 127,621,800 

Perthshire 109,895,040 

Stirlingshire 106,475,436 

Claokmannaushire 87,563,494 

Dumbartonshire 48,618,320 

Eenfrewshire 25,881,285 

Argyleshire 7,223,120 

Sutheriandshire 3,500,000 

Eoxburghshire 70,000 

Total   ....     9,843,465,930 

The  total  here  arrived  at  is  the  fjuantity  available  to  a  depth 
of  3,000  feet.  Taking  tlie  production  of  the  Scotch  coal-fields 
in  the  same  year,  amounting  to  14,934,553  tons,  and  assuming 
tlie  same  annual  average  output,  the  coal-fields  would  not  be 
exhausted  for  660  years. 

The  total  quantity  of  coal  raised  in  Scotland  during  the  ten 
years  ending  1879  amounts  to  174,293,288  tons ;  this,  deducted 
from  the  original  estimate  of  1870,  leaves  9,669,172,642  tons, 
which,  at  the  average  production  of  the  past  ten  years  (17,429,328 
tons)  would  afford  supplies  for  the  next  555  years,  a  period  short 
by  105  years  of  the  estimated  duration  from  the  year  1870. 

*  Mr.  John  Geddes*  Report,  vol.  i.  "  Coal  Commiesion  Report,"  p.  71. 


CHAPTER    XIX. 

THE    COAL-FIELDS    OF    IRELAND. 

Description — Northern  (Bituminons)  Group — Counties  of  Leitrim,  Tyrone,  and 
Antrim  —  Analyses  of  Coal  —  Southern  ( Anthracitic)  Group,  Leinster  and 
Munster — ^Analyses  of  Coal — Production  of  Coal — Population  employed  in 
Coal  Mining — Resources  of  Coal-fields. 

The  Coal-fi6ld«  of  Zreland. — The  coal  deposits  of  Ireland  are 
divided  by  Professor  Hull  into  two  groups,  the  line  of  demarca- 
tion being  drawn  from  Galway  Bay  on  the  west  to  Dublin  Ba}'^ 
on  the  east.  The  coal-fields  north  of  this  line  produce  coal  of  a 
bituminous  kind,  those  of  the  southern  ai*ea  being  anthracitic  in 
character. 

The  northern  coal-fields  are  those  of  Leitrim  in  Connaught, 
and  Tyrone  and  Antrim  in  Ulster.  The  southern  coal-fields 
extend  through  the  counties  of  Clare,  Limerick,  and  Cork, 
stretching  both  to  the  north  and  south  of  the  estuary  of  the 
river  Shannon,  and  the  Leinster  coal-field,  the  most  important  in 
the  south  of  Ireland,  occupying  an  extensive  tract  in  the  Queen's 
Count}'^,  Kilkenny,  and  Tipperary. 

.  But  little  can  be  said  relative  to  the  coal  of  Ireland  as  com- 
pared with  the  richer  deposits  of  England  and  Scotland.  The 
time  was  when  Ireland  was  two-thirds  covered  with  coal-beds ; 
now  only  a  few  patches  or  outliers  ai'e  left  as  evidences  of  former 
wealth,  nearly  all  the  coal  measures  having  been  denuded  from 
the  limestone  and  other  "  bases,'*  leaving  tlie  great  central  lime- 
stone plain  of  Ireland  beneath  the  drift,  a  now  coal-less  ti*act. 
The  coal-fields  already  named  being  all  tliat  remains  of  what  was 
once  a  widely-spread  and  extensive  formation,  the  lower  portion 
only  being  left.  The  total  production  of  coal  in  Ireland  in  1880 
was  but  188,702  tons,  the  greater  proportion  of  which  was  anthra- 
citic, compared  with  128,560,821  tons  in  England  and  Wales, 
and  18,274,886  tons  in  Scotland. 

The  output  of  coal  and  ironstone  in  Ireland  being  so  limited,  a 
general  sketch  of  the  more  important  areas  in  which  they  occur, 
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and  of  the  seams  and  bands  of  ironstone  wi-ought,  together  with 
analyses,  will  here  suffice,  referring  our  readers  to  the  authors 
and  their  works,  which  treat  in  detail  of  the  mineral  resources 
of  Ireland.* 

Vorthem  Group  of  Coal-field«. — The  bituminous  coals,  as 
previously  stated,  are  found  in  the  northern  group  of  the  coal- 
fields of  Ireland  ;  of  these  the  several  tracts  of  the  Leitrim  coal- 
fields are  of  considerable  importance,  those  of  Aughabehy,  Arigna, 
and  the  coal-basin  of  Altygowlan,  being  the  most  important,  the 
last-named  coal-field  being  separated  from  the  former  by  the  river 
Arigna,  and  both  coal-fields  lying  to  the  west  of  Loch  Allen.  The 
general  succession  of  strata  on  this  district  is  as  follows ; — 

Lower  Coal  Measures, 
Millstone  Orit, 
Toredale  Beda» 
Carboniferous  Limestone, 

In  a  section  of  strata  at  Eilronan,  some  two  miles  south  of 
Aughabehy,  in  the  lower  coal  measures,  occur  three  seams  of 
coal,  one  of  which,  18  inches  thick,  known  as  the  **  Top  Seam," 
is  most  valued.  Towards  the  top  of  the  series  of  coal  measures 
of  a  maximum  tliickness  of  458  feet,  shale  occurs,  varying  in 
thickness  from  100  to  200  feet,  and  in  this  shale  are  found 
numerous  bands  of  ironstone  of  a  similar  kind  to  that  found 
amongst  the  Yoredale  beds  below. 

In  a  section  of  strata  sunk  at  Arigna  to  a  depth  of  111  feet, 
when  the  main  seam  of  coal,  2  feet  6  inches  thick,  was  reached, 
the  annexed  shows  the  rocks  passed  through,  with  their  respective 
thicknesses,  the  iron  ore  here  being  found  within  8  feet  of  the 

surface. 

Section  of  Strata  at  Aeugna  CoLLnEBiES.t 

Ft.  In. 

OlU'AnOO  .  .  •  .  •  .  •  •  •  •  •*• 

Bed  of  iron  ore        ............ 

Deep  bog 15  0 

Gravel 30  0 

Slate 27  0 

Eock 24  0 

Slate 15  0 

Coal  seam 2  6 

*  *^  Industrial  Besonrces  of  Ireland/*  by  Sir  Robert  Kane,  M.D.,  1844.  Second 
Edition  ;  "  Report  on  the  Ck)nnaught  Coal-fields  (Arigna)  Districts,"  by  Sir  Richard 
Griffiths,  presented  to  the  Royal  Dublin  Society,  1818. 

t  By  W.  J.  Hughes,  Esq.,  C.E.,  deposited  in  Mining  Record  Office.  Museum  of 
Practical  Geology. 
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Analyves  of  the  Coal. — Sir  Eobert  Kane,  who  has  examined 
several  varieties  of  coal  raised  in  this  and  other  districts  in 
Ireland,  describes  the  Aughabehy  coal  as  follows: — "A  rich 
black  coal,  easily  broken.  Its  specific  gravity,  1*274.  When 
heated  it  gives  off  a  good  deal  of  inflammable  gas,  and  leaves  a 
light,  porous,  grey*,  coherent  coke."  Another,  the  "  Rover  "  Coal, 
is  thus  referred  to  : — "  This  coal  is  rather  brown  in  aspect,  and 
has  a  remarkable  tendency  to  split  into  cubical  fragments.  The 
specific  gravity  is  1*287.  When  ignited  it  gives  off  gas,  but  does 
not  froth.  Its  coke  is  porous,  slightly  coherent.  It  contains  less 
foreign  matter  than  any  of  the  other  kinds."  The  chemical  com- 
position of  these  coals  is  as  follows  : — * 


Besttlts  Tabulated. 


Constituents. 

Aughabehy. 

Rover. 

Carbon  .... 

Hydrogen .        •        .    . 

Oxygen. 

Ash 

79-69 
6-24 
3-32 

10-75 

81-04 
4-91 
6-64 
7-41 

100-00 

100-00 

It  is  thus  seen  that  the  Aughabehy  is  a  much  more  bituminous 
coal  than  the  Bover,  which  approaches  nearer  in  its  character 
to  the  anthracites  of  the  south. 

The  Tyrone  Coal-Aeld. — ^Also  producing  bituminous  coal,  is 
situated  north  of  the  town  of  Dungannon  in  the  county  Tyrone, 
the  village  of  Coal  Island  occupying  the  centre  of  the  coal-field, 
a  smaller  district,  the  Annahone,  having  an  area  of  above  820 
acres.  Mr.  E.  T.  Hardman,  of  the  Geological  Survey  of  Ireland, 
who  has  examined  this  coal-field,  observes,  that  although  occupy- 
ing but  a  small  area,  the  coal  measures  are  about  2000  feet  thick, 
and  contain  from  22  to  24  seams,  all  of  them  of  fair  and  some  of 
them  of  excellent  quality,  varying  in  thickness  from  10  inches  to 
9  feet. 

Mr.  Hardman  gives  the  following  section,  showing  the  more 
important  coals : — 


•  (( 


Indostrial  Besonrces  of  Ireland/*  second  edition,  1845,  p.  24. 
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Table  of  the  Coals  at  pkesent  belk'g  Worked. 

Dunganjwn  Coal  Field, 

(  Annagher  Coal 

Bone  Coal 

J  Shining  Seam 

J/MicZ?€  CoaZitfea««re«  I  Br ackaville  Coal 

(Coal  Island  series)     Grortnaskea  Coal  (with  22  in,  Cannel)  . 

\  Beltiboy  Coal 

DerryCoal        .        .       .        .  3    6  to 
Yard  Coal 

Position  uncertain    »    Greenagh  Coal  (with  14  in.  Cannel)   . 


IfOwer  Coal  Measures  f  Main  Coal  of  Di*umglass 
(Drumglass  series)  .  1  Lower    ,,  ,, 


4  10  to 
1     6  „ 


Ft. 

In. 

9 

0 

2 

10 

3 

0 

5 

0 

6 

0 

3 

0 

o 

0 

3 

0 

4 

6 

6 

0 

2 

0 

Mr.  Hardman  accompanies  his  paper  by  a  series  of  analyses  of 
tlie  following  seams  : — * 

Lower  Coal  Measures. 

No.  1.  Main  Coal  or  Drumglass  Coal,  Lurganboy  (Top). 

2.  Main  Coal,  Lurganboy  (Bottom), 

3.  Greenagh  Soft  Coal. 
,,    4.  Greenagh  Cannel  Coal. 


I) 


>» 


Middle  Coal  Measures. 

No.  5.  Derry  Coal  (Annagher  Coal  Island). 

6.  Beltiboy  Coal,  Gortnaskea. 

7.  Gortnaskea  Coal. 

8.  Annagher  Coal  (Brackayille). 


i» 


>» 


ANALYSES  OF  THE  CoALS  OF  THE  DUXGANKON  COAL-FIELD. 


Constitaents 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  8. 

Volatile  matter  . 

Water  at  212°  F.    .    . 
Sulphur      . 
Ash  in  Coke  .        .     . 
Specific  gravity  . 

48-00 

47-43 

4-57 

37-19 
61-53 
11-28 

43-40 
39-80 
16-80 

52-87 
3418 
12-96 

26-43 
65-57 
18-00 

49*40 

48-17 

2*43 

45-62 

62-46 

1-92 

100-00 

lOOOf 

100-00 

100-00 

100-00 

100-00 

10000 

2-49 
2-90 
9-05 
1-295 

6-72 
1.65 
17*95 
1-385 

7*46 
1-94 
21-30 
1-452 

3-20 
1-94 
30-02 
1-396 

. . 

24-65 
1*499 

4-30 
1-62 
4-86 
1-266 

9-89 
2-66 
3-55 
1-260 

The  analysis  of  the  Gortnaskea  coal  (No.  7)  was  only  a  partial 
one.  The  seam  is  six  feet  thick,  including  22  inches  of  cannel  at 
the  top,  the  cannel  giving  4*06  of  ash,  its  specific  gravity  being 
1*232.  It  is  remarked  of  this  coal  that  it  is  rare  to  find  a  cannel 
with  such  a  small  percentage  of  ash. 


«  (i 
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• 

The  above  analyses  give  a  veiy  fair  idea  of  the  character  of  the 
coals  of  the  Dungannon  coal-field ;  and  it  will  be  seen  that  many 
of  these  bear  favourable  comparison  with  the  best  English  coal 
in  point  of  purity  and  heating  power.  They  are  all  highly 
bituminous,  and  yield  such  a  quantity  of  gaseous  matter,  that 
Mr.  Hardman  considers  that  any  of  them  except  the  Deny  Coal 
might  be  used  with  great  advantage  in  Ireland  for  gas  manu- 
facture, witli  profit  both  to  the  colliery  proprietor  and  the  gas 
company. 

The  heating  power  of  these  coals  is  extremely  high ;  10 
to  11  lbs.  of  water  evaporated  is  considered  very  good  work  for 
1-lb.  of  coal;  nearly  all  the  above  give  over  12  lbs.,  the  best 
of  them  nearl}^  13  lbs. 

Antrim  Coal-field. — Situated  at  Ballycastle,  at  the  northern 
extremity^  of  Antrim,  is  found  a  small  coal-field  yielding  coal  of  a 
bituminous  character  in  quantities  not  exceeding  a  few  thousand 
tons  annually.  It  is  recorded  that  the  oldest  colliery  wrought  in 
Ireland  was  at  Ballycastle,  where,  during  the  year  1770,  some 
miners  exploring  the  levels  broke  through  an  old  gallerj-,  the 
walls  of  which  were  lined  with  stalactites,  evidently  of  great  age  ; 
and  antique  mining  tools  were  found  therein.  The  residents  in 
the  district  had  never  heard  of  a  tradition  of  the  mine  having 
been  anciently  worked,  and  the  excavation  therefore  must  have 
been  made  at  a  very  remote  period.  About  the  year  1830  there 
were  twelve  coal-pits  in  this  coal-field,  four  of  which  were  then  in 
operation,  the  coal  seams  being  wrought  to  a  considerable  distance 
imder  the  sea. 

This  coal-field  is  about  four  miles  in  length,  and  has  an  average 
width  of  1 J  miles.  Professor  Hull  gives  the  annexed  section  of 
the  coal  series  at  Ballycastle  Bay,  as  ascertained  at  the  mines  now 
at  work,  as  follows : — 

Ft.  In. 

Top  or  First  Coal  (Splint  Seam) 3  0 

Sandstones  and  shales 30  0 

Second  Coal  (Hawksnest  Seam) 3  0 

Strata  with  black-band  ironstone 240  0 

Third  Coal  (Main  Seam) 4  0 

Strata  with  black-band  ironstone  below  the  main  coal 

in  some  places) CO  0 

limestone 8  0 

Strata  (shales  and  sandstones) 240  o 

Lower  (black-band  ironstone  by  boring)    .        .        .        .  10 

Total 689    0 
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The  coal  of  the  Ballycastle  coal-field  is  thus  described  by  Sir^ 
Robert  Kane : — "  Dull,  black  in  colour ;  its  specific  gravity,  1*279. 
On  ignition  it  gives  out  much  gas,  frothed  very  much,  and  left  a 
porous  coke."    Its  constituents  are  as  follows  : — * 

Volatile  matter 36*96 

Pure  ooke 45*94 

Ashes 17*10 

100^00 

One  part  of  it  gave  25  of  lead,  hence  100  parts  of  it  corre- 
sponded to  71*4  of  pure  carbon.  The  coal  is  considered  in  its 
economical  relations  suitable  for  industrial  purposes  of  all  kinds 
where  coal  is  employed. 

Southern  Group  of  Coal-Aeld«. — The  most  important  in  the 
south  of  Ireland,  yielding  anthracite,  is  that  of  Leinster,  com- 
prising a  great  area  of  the  county  of  Kilkenny,  Queen's  County, 
And  a  part  of  Carlow.  A  portion  of  the  same  coal-field  extends 
into  the  county  Tipperary,  and  is  separated  from  the  Kilkenny 
•coal-field  by  an  intervening  neck  of  limestone.  The  Leinster 
€oal-field  is  some  20  miles  in  length  between  Ballyroan  on  the 
north,  and  Gowran  on  the  south,  its  greatest  width  at  Castle- 
comer  being  about  14  miles.  The  isolated  coal-field  of  Tippe- 
rary extends  about  20  miles  in  length  from  Freshford  to  near 
Cashel,  and  is  about  six  miles  wide,  the  towns  of  Killenaule  and 
New  Birmingham  occupying  its  centre.  The  following  is  given 
by  Professor  Hull  as  the  general  series  of  coal  in  the  Castle- 
«omer  coal-basin.     Some  measures  of  ironstone  also  occur,  t 

Ft  In. 

Uppermost  beds  about 12  0 

Peacock  Goal 1  10 

8trata 45  0 

Stony  Coal 3  0 

Strata 21  0 

Double  Seam 5  0 

Stxata  and  Bhales 120  0 

Three-foot  or  Old  Colliery  Ck)al 3  0 

Strata 180  0 

Pive-foot  Coal 3  6 

Strata 300  0 

Upper  and  Lower  Towlerton  Coals         .        .    1ft.  Oiu.  to  2  0 

EUg  series,  about 650  0 

Black  Shale  series 500  0 

Upper  Carboniferous  Limestone 

*  "  Industrial  Resources  of  Ireland,"  Becond  edition,  p.  26. 
f  '<  Coal-fields  of  Great  Britain,"  4th  edit.,  p.  327. 
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Analyves  of  the  Coal. — The  coal  of  the  Slievardagh  coal-field 
'  in  the  Comity  Tipperaiy  reported  upon*  is  described  as  higUy 
anthracitic.  The  specimen  examined  was  obtained  from  the 
8  feet  vein  at  a  depth  of  25  yards  from  the  surface^  the  vein  itself 
having  an  inclination  of  1  in  5,  and  situate  in  soft  shale  and  sand- 
stone, both  easily  worked.  The  mean  composition  of  this  coal  is 
as  follows  per  cent. : — * 

Eesults  Tabulated. 

Carbon 80-03 

Hydrogen 2*30 

Nitrogen 0-23 

Sulphur 6-76 

S^'T 10-80 

10012 
Specific  gravity 1*59 

Coke  per  cent 90-10 

The  average  weight  of  a  cubic  foot  of  this  coal  is  62*8  lbs. ; 
the  space  occupied  by  one  ton  85*66  cubic  feet ;  while  1  lb.  of 
the  coal  will  evaporate  9*85  lbs.  of  water  from  a  temperature  of 
2l2°Fahr. 

The  coal  of  the  Slievardagh  district  is  worked  by  the  Mining 
Company  of  Ireland,  who  raised  25,276  tons  of  anthracite  in  1879, 
compared  with  28,503  tons  in  1880. 

Sir  Bobert  Kane,f  who  has  examined  specimens  of  the  follow- 
ing coals  raised  in  the  Leinster  and  Munster  coal-fields — 

The  Buahes  Coal,  Queen's  County ; 
The  Pollough  Coal,  Castlecomer ; 
The  Sweet  Vein,  Eanturk,  Munster — 

remarks  that  *'  the  anthracites  have  no  tendency  to  froth  or  cake 
in  coking.  They  give  off  little  or  no  inflammable  gas  on  being 
ignited,  but  usually  the  masses  break  up  quite  small,  especially  if 
the  heat  be  suddenly  applied.  The  ashes  are  almost  always  red, 
owing  to  oxide  of  iron  remaining  after  the  combustion  of  the 
pyrites,  which  the  anthracite  usually  contains." 

By  the  ordinary  analysis  for  carbon  and  ash  these  coals 
yielded : — 

•  First  Report,  "  Coals  suited  to  the  Steam  Navy,"  p.  12. 
f  *'  Indostiial  Resources  of  Ireland,"  2nd  edition,  p.  27. 
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Gonstitaents. 

Rashes. 

Pollough. 

Sweet  Vein, 

Volatile  matter 

Pore  Carbon              .     . 

Aflhes     .... 

9-85 

86-42 

3-73 

10-40 

79-71 

9-89 

10-35 
81-13 

8-52 

100-00 

100-00 

100-00 

The  pure  anthracite  of  the  same  veins  considered  separately 
from  ashes  and  sulphur  giving  the  annexed  results  : — 


Constituents. 

Rushes. 

Pollough. 

Sweet  Vein. 

Carbon  .... 
Hydrogen .                 .     . 
Oxygen. 

93-53 
3-63 
2-84 

92-37 
2-40 
5-23 

94-39 
4-05 
1-56 

100-00 

100-00 

100-00 

The  Bushes  coal  is  generally  considered  as  representing  the 
usual  composition  of  these  varieties  of  coal. 

The  Mnnster  Coal-field. — In  this  coal-tract  is  comprised  a 
considerable  area  of  the  counties  of  Clare,  Limerick,  Cork,  and 
Kerrv;  and  in  each  of  these  counties  coal  has  been  discovered  and 
worked,  the  most  important  localities  being  situated  between  the 
Kiver  Blackwater  and  Kanturk  in  the  County  Cork.  The  coal  lies 
in  a  series  of  troughs,  the  hills  usually  striking  from  east  to  west, 
the  strata  dipping  on  either  side  north  and  south  at  considerable 
angles,  often  perpendicular.  Sir  Bichard  Griffiths  gives  the 
number  of  coal  seams  in  this  coal-field  as  six ;  of  these,  three  of 
the  most  valuable  are  locally  known  as  the  Bulk  Vein,  BockVein,  and 
the  Sweet  vein.  Coal  has  been  extensively  worked  in  the  Barony  of 
Dunhallow,  County  Cork,  also  in  Clare,  but  the  seams  of  coal  in 
the  latter  county,  although  extending  over  large  areas,  are  com- 
paratively thin,  and  the  character  of  the  coal  is  softer  and  more 
slaty  than  that  obtained  in  the  Kilkenny  and  Tipperary  districts. 
On  the  contrary,  the  seams  in  the  Dunhallow  district.  County 
Cork,  vary  from  two  to  three  feet  in  thickness,  and  produce 
anthracite  of  an  excellent  description.  Analyses  of  these  coals 
will  be  found  with  those  of  other  coals  in  the  Tipperary  extension 
of  the  Leinster  coal-field. 

Prodiiction  of  CoaL — The  total  production  of  the  Irish  coal- 
fields is  shown  in  the  subjoined  table,  distinguishing  the  anthra- 
citic  and  bituminous  coal  to  the  end  of  1868 : — 
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Year. 

Collieries. 

Anthracite. 

Bituminous. 

Total  CoaL 

Nos. 

Tons. 

Tons. 

Tons. 

1856 

22 

96,220 

40,415 

136,635 

1857 

45 

80,420 

40,210 

120,630 

1858 

47 

79,500 

41,250 

120,750 

1859 

45 

78,250 

42,150 

120,300 

1860 

46 

70,250 

49,175 

119,425 

1861 

46 

72,570 

50,000 

123,070 

1862 

46 

73,000 

54,500 

127,500 

1863 

46 

72,550 

54,500 

127,050 

1864 

41 

70,000 

55,000 

125,000 

1865 

39 

70,000 

53,500 

123,500 

1866 

39 

68,750 

55,000 

123,750 

1867 

34 

75,000 

50,000 

125,000 

1868 

34 

74,500 

52,450 

126,950 

From  1869  to  1880  the  total  quantity  of  coal  raised  is  alone 
given,  the  separation  of  the  two  varieties  not  being  satisfactory: — 


Year. 

Collieriee. 

Nos, 

1869 

33 

1870 

32 

1871 

30 

1872 

29 

1873 

34 

1874 

42 

Total  Goal. 

Tons. 
127,923 
141,470 
165,750 
103,435 
103,465 
139,218 


t 

Year. 

Collieries. 

Nos. 

1875 

53 

1876 

55 

1877 

49 

1878 

50 

1879 

47 

1880 

30 

Total  CoaL 


Tuns. 
127,950 
124,936 
138,722 
121,975 
129,000 
133,702 


Population  omplosrod  in  Coal  Mining  in  Ireland. — In  1873 
the  total  number  of  persons  engaged  in  coal-mining  amounted  to 
1,960,  of  whom  1,209  were  engaged  under,  and  741  above  ground. 
The  details  of  recent  years  ending  1880  appear  in  the  annexed 
summary : — * 


Year. 

PEBSONB  SMPLOYKD. 

TotaL 

1 

CoalBaisod. 

Average  per 
Miui. 

Under 
Ground. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Noe. 

1,209 

1,120 

1,069 

946 

883 

841 

819 

777 

Nos. 

741 
531 
475 
419 
365 
381 
296 
294 

Nos. 
1,950 
1,651 
1,544 
1,365 
1,248 
1,222 
1,115 
1,071 

Tons. 
135,731 
139,213 
128,207 
125,195 
140,181 
122,051 
129,003 
133,702 

Tons. 

79 

84 

83 

90 

112 

100 

115 

124 

Reports  of  H.M.  Inspectors  of  Mines. 
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In  each  of  the  same  years  the  quantity  of  coal  raised  in  each 
of  the  four  provinces  of  Ireland  was  as  follows,  also  the  number 
of  persons  employed  in  each  province  : — 


Tear. 

i 

OOMllAUUllT. 

(7l£TXK. 

LEUI8TJEK. 

MTJlwrEK. 

N08. 

Coal. 

Nos. 

Coal. 

Nos. 

Coal. 

Nos. 

CoaL 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

376 
111 
84 
99 
78 
75 
88 
87 

Tons. 
11,021 
5,108 
4,772 
5,203 
6,477 
6,456 
9,600 
8,506 

391 
321 
261 
183 
180 
217 
165 
175 

Tons. 
18,105 
17,810 
15,869 
15,335 
15,398 
12,407 
17,066 
21,203 

777 
828 
866 
798 
713 
663 
624 
589 

Tons. 
61,425 
73,302 
66,876 
72,025 
88,095 
74,474 
77,061 
75,490 

406 
391 
333 
285 
277 
267 
238 
220 

Tons. 
45,180 
43,993 
40,684 
32,632 
30,211 
28,714 
25,276 
28,503 

Sesonrces  of  the  Coal-fields  of  Ireland. — The  investigation 
as  to  the  quantity  of  coal  remaining  in  the  coal-fields  of  Ireland 
by  the  Koyal  Coal  Commission  was  entrusted  to  the  late  Mr.  J.  B. 
Jukesy  F.B.S. ;  on  that  gentleman's  decease.  Professor  Hull,  who 
succeeded  him  as  Director  of  the  Geological  Survey  of  Ireland, 
continued  the  inquiry  with  the  assistance  of  Messrs.  G.  H. 
ICinahan  and  J.  O 'Kelly,  officers  of  the  survey.  In  the  tabulated 
statement  annexed  showing  the  total  quantities  of  coal  unworked, 
and  the  net  tonnage  available  for  future  use,  the  respective  quan- 
tities are  thus  distributed  amongst  the  several  coal-fields : — * 


Districts. 

Goal  Unworked. 

Coal  available  foruse. 

1.  BallycaBtle,  Ootuity  Antrim 

2.  Tyrone  (visible  and  concealed)    . 

3.  Queen's  County,  Kilkenny,  and 

Carlow  (Leinster)     . 

4.  Tipperarjr 

5.  Clare,  Lunerick,  and  Cork  (Mun- 

ster)     

6.  Connaught  (Arigna  district) 

Totals      .... 

Tons. 
18,000,000 
36,950,000 

1   86,202,000 

29,500,000 

23,000,000 

12,000,000 

Tons. 
16,000,000 
32,900,000 

77,580,000 

25,000,000 

20,000.000 

10,800,000 

205,652,000 

182,280,000 

Taking  the  net  tonnage  of  coal  available  for  use  and  deducting 
therefrom  the  production  of  the  ten  years  ending  1879,  amoimt- 

♦  "  Coal  Commission  Report,"  vol.  I,  p.  78. 
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ing  to  1,296,921  tons,  there  remains  for  future  use  180,984,079 
tons.  Of  the  coal  thus  available  it  is  generally  assumed  that  the 
proportion  of  anthracite  is  two-thirds,  that  of  bituminous  coal 
being  about  one*third  of  the  total  quantity. 

Ftioes  of  Coal  at  the  Fit  Month. — The  prices  of  coal  in  the 
years  1879  and  1880  show  but  little  variation ;  the  average  may 
be  taken  as  about  11^.  lOd,  per  ton — the  highest  price  of  anthra- 
cite £1  Ss.  4d.,  the  lowest  of  bituminous  coal  6«.  8d,  per  ton ;  the 
coal  of  the  Leitnm  district  varying  from  Bs.  to  10«.  per  ton. 
The  Ballycastle  district  in  the  County  Tyrone,  slack,  4$, ;  coal, 
108.  per  ton.  In  the  Leinster  district  slack  sold  for  69.,  and  coal 
IBs.  to  208.  per  ton ;  the  highest  prices  quoted  being  the  produce 
of  the  collieries  of  the  Mining  Company  of  Ireland,  situated  in 
the  Slievardagh  district,  76  per  cent,  of  their  coal  averaging  in 
prices  from  Ba.  to  88.  4d.  per  ton,  the  remainder  from  1B8.  to 
288.  4td.  per  ton  in  1880. 


CHAPTEE    XX. 

THE    COAL-FIELDS    OF   THE    UNITED    KINGDOM. 

General  Sommary — Areas  of  Coal-fields — Production  of  England,  Wales,  Scotland, 
and  Ireland — Distribution  of  Coal  by  Railway — Coal  brought  into  London — 
Coal  sent  Coastwise  and  exported  to  Foreign  Countries — Population  employed 
in  Coal  Mining — Besources  and  probable  duration  of  Coal-fields. 

General  Summary.  —  Having  previously  considered  each 
coal-field  in  the  United  Kingdom,  it  only  remains  to  simimarize 
all  available  information  under  the  following  heads  : — 

I.  Areas  of  the  Coalpfields  of  the  United  Kingdom  :— 

OOAL-FIELnS.  AKBA  IN  6QUAR1E  MILES. 

England,  Durham  and  Northumberland       ....  796 

,,         Yorkshire,  Derbyshire  and  Nottinghamshire    .     .  800 

,,         Cumberland 25 

,,         Lancashire  and  Cheshire 220 

Leicestershire 15 

Warwickshire 30 

Shropshire 28 

Nortti  Staffordshire 75 


„         South  Staffordshire 93 

North  Wales,  Anglesea 

,,  Denbighshire  - 90 

,,  .         Flintshire       J 
8ovih  Wales,  Monmouthshire       .     104\ 

,,  Glamorganshire.     .     518 

y,  Brecknockshire       .      74>-       .        .        .        .     1,000 

„  Caermarthenshire  .    228 

,,  Pembrokeshire        .      76/ 

Gloucestershire  (Forest  of  Dean) 34 

Somersetshire  (Bristol) 150 

Scotland 1,720 

Irdand 2,800* 


Total  Area 7,876 

ZI.  Production  of  Coal  in  Great  Britain. —  Towards  the 
close  of  the  past  century  and  previously,  from  careful  estimates 
appearing  in  the  pages  of  the  Beport  of  the  Coal  Commission, 
it  is  shown  that  the  total  production  of  the  collieries  of  the 
kingdom  in  each  of  the  following  years  amounted  to : — 

*  Estimated  area. 
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TiAB.  QUAnnnis. 

1660 2,148,000  tons. 

1700 2,612,000 

1750 4,773,000 

1770 6,205,400 

1780 6,424,976 

At  this  period  the  Durham  and  Northumberland  coal-field 
furnished  25  per  cent,  of  the  total  production.  In  the  year  1786, 
and  until  the  year  1800,  the  output  of  the  collieries  of  the  United 
Kingdom  is  given  approximately  as  follows : — 

TEAS.  QUARTTFIBS. 

1786 6,888,712  tons. 

1790 7,618,760 

1795 10,681,728 

1800 10,080,300 


Advancing  to  the  year  1816,  it  appears  from  evidence  given 
before  a  Committee  of  the  House  of  Lords,  appointed  to  take  into 
consideration  the  state  of  the  coal-trade  of  the  United  Kingdom,* 
and  on  the  authority  of  the  eminent  engineer,  Mr.  Buddie,  that 
the  quantity  carried  by  canals  and  railways,  in  different  parts  of 
the  kingdom,  amounted  to  4,078,608  chaldrons  (the  Newcastle 
chaldron  being  53  cwt.). 

The  total  production  of  the  kingdom  for  the  same  year  (1816), 
as  given  by  Samuel  Salt,  in  his  *'  Statistics  and  Calculations," 
amounted  to  27,020,116  tons,  in  the  following  details  : — 

GOAL   fISLDS.  TORS. 

Yorkshire 2,563,626 

Derbyshire 942,218 

Nottinghamshire 494,665 

Leicestershire 176,665 

Warwickshire 431,849 

Staffordshire 795,000 

Quantity  that  passed  towards  the  Eastern  seas     .  5,404,023 

Quantity  believed  to  pass  towards  the  Western  seas     .  5,404,023 

Quantity  carried  by  canal  and  railway          .  10,808,046 

Total  production  in  1816        .     .     27,020,115 

Between  1816  and  1854  many  returns  are  met  with,  chiefly 
esflmates  of  the  probable  quantities  raised ;  in  the  last-named 
year,  however,  the  annexed  return  appears,  showing  the  quantity 
of  coal  raised  from  the  2,897  collieries  then  in  operation  in  the 
United  Kingdom,  producing  64,661,401  tons.  The  details  of 
production  are  as  follows : — 

*  Report  of  Select  Committee,  House  of  Lords,  dated  15  June,  1829. 
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c^m«i». 

o(C«J. 

C0.1.0.M. 

NDmber  of  1  Producdon 
ColUerit*.  1     OICO.1     ] 

&tol<""'— 

Diuhun 

Cumberland         .    . 
Toibhiie 
Derbydiire  .       .    . 

-Wu^kahire  . 
leicetlonihira       .     . 
BtaObrdahira      and 

lancaahire        . 
Choahire       . 

j   m 

23 
276 
123 
17 
IS 

}     Blfl 
333 

30 
IS 

Tons. 
16,*20,616 

887,000 
7,260,500 
2,406,686  , 

813  *74 

25s;ooo: 

439,000 
7,600,000 
9,080,600 

786,600 
1,080,000 

Brought  forward 
England— conliHutd. 

UflTondiire  .         .     . 
Wala— 
Angleaea,  Flintahire, 

Pembroteahire      .     . 
Seotiand     . 
Irtiand.        .        .    . 

1,617 
j      87 

1   " 

368 
19 

Tona. 

46,929,286 

1,493,369 

1,143,000 

8,600,000 

1,617 

46,929,285 

Total    . 

3,397       1  64,661,401  | 

Since  the  year  1854  the  production  of  coal,  with  the  number 
of  collieries,  has  been  as  follows,  the  produce  of  England,  Wales, 
Scotland,  and  Ireland  being  separately  distinguished,  the  output 
increasing  upwards  of  two-fold  since  1864. 

Statbment  showino  the  PBODTJOnoN  OF  Coal  in  the  TJnitkd 


*  ludnding  prodnction  of  MomnoatliBhire. 

t  Inclodii^  4,000,000  tons  wwt«d  on  fire-bcape. 

t  iBOlnding  2,404,000  tons  wasted  on  flra>heapa. 
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Following  the  production  of  the  coal-fields  of  the  United 
Kingdom,  the  annexed  details  for  the  years  1860,  1870,  and 
1880,  afford  the  required  data  for  comparison,  showing  the 
output  of  the  collieries  of  each  coal-field  in  the  years  given : — 


Coal  Fields. 

I860.                       1870.                       1880.* 

1 

England — 
Northumberland,  North  and ) 

South  Durham  .        ■     •     ) 
Cumberland         .                .     . 
Westmoreland .... 

Oheahixe 

Jjanoashire,  North  and  East    ) 
Lancashire,  West                 .     ] 
Yorkshire,  North  Hiding . 

„          West  Biding       .     . 
Derbyshire  .        .        .        .     ) 
Nottmghamshire             *    *     i 
Warwiokahire 

Leicestershire  .... 
Stafifbrd8hire,North  and  South, ) 

and  Woroestershire        .     ) 
Shropshire        .... 
Gloucestershire,  Somersetshire 
Momnouthshire   . 

WaUa,  North— 
Flintshire,  Denbighshire . 

Wales,  Sauih— 
Glamorganshire,     Brecknock-] 

shire,  Pembrokeshire,  and[ 

Carmarthenshire 
Scotland — 
Eastern  District             .        ,) 
Western  District                •    • ) 
Iniand   .... 

Total  of  the  United  Kingdom 

TODB. 

18,244,708 
1,171,052 

750,600 
11,350,000 

9,284,000 

4,940,000 

545,000 
730,000 

7,648,300 

850,500 
t5,503,400 

•  ■  • 

1,750,500 
6,254,813 

10,900,500 
119,425 

Tous. 

27,613,539 
1,408,235 

929,150 
13,810,600 

10,606,604 

(  5,102,265 

(  2,115,372 

647,540 

599,450 

13,230,062 

1,343,300 
1,955,910 
4,364,342 

2,329,030 
9,299,770 

14,934,553 
141,470 

Tons. 

34,913,508 

1,680,841 

1,950 

681,000 

19,120,294 

5,270 
17,468,536 
7,903,834 
4,432,393 
1,101,386 
1,063,382 

13,734,800§ 

905,000 
1,953,732 
5,039,549 

2,429,315 
16,126,031 

18,274,886 
133,702 

184,042,698 

110,431,192 

146,969,409 

ZZZ.  Distribntion  of  Coal  by  Bailway. — Hitherto  the  quanti- 
ties of  coal  carried  from  our  several  coal-fields  by  Railways  have 
received  attention ;  it  is  now  desirable  to  follow  up  this  inquiry  by 
ascertaining  the  total  quantities  of  coal  carried  by  each  of  the  great 
railway  systems,  giving  the  aggregate  in  each  year,  and  with  this 
view  the  following  tables  have  been  prepared,  commencing  with — 

Vo.  1.    Vorth  Sastem  Bailway  System:— 

*  According  to  retams  of  H.M.  Inspectors  of  Mines,  1880. 

t  Including  the  produce  of  Monmouthshire. 

;  Including  4,000,000  tons  wasted  on  fire  heaps. 

§  Including  1,429,000  tons  the  produce  of  Worcestershire  in  1880. 
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Vaov 

From  Durham  and 

From  Lancashire 

Total. 

ICST. 

Northaml)erland. 

and  Yorkshire. 

Tons. 

Tons. 

Tons. 

1854 

2,571,064 

338,777 

2,909,841 

1855 

2,547,931 

312,369 

2,860,300 

1856 

1,753,045 

287,144 

2,040,189 

1857 

2,554,330 

357,656 

2,911,986 

1858 

2,402,011 

341,375 

2,743,386 

1859 

2,383,765 

334,835 

2,718,600 

1860 

2,575,303 

412,097 

2,987,400 

1861 

2,650,430 

403,825 

3,054,255 

1862 

3,826,590 

391,097 

3,217,687 

1863 

4,866,393 

361,860 

5,228,253 

1864 

5,744,501 

456,320 

6,200,821 

1865 

7,069,556 

469,080 

7,538,636 

1866 

7,350,956 

527,887 

7,878,843 

1867 

7,503,152 

572.808 

8,085,860 

1868 

7,357,266 

606,688 

7,963,954 

1869 

8,280,310 

675,378 

8,955,688 

1870 

8,999,784 

866,422 

9,866,206 

1871 

10,089,217 

1,064,407 

11,153,625 

1872 

10,486,168 

1,134,543 

11,620,711 

1873 

10,792,280 

1,067,651 

11,859,931 

1874 

10,689,846 

1,105,021 

11,794,867 

1875 

11,032,299 

1,281,248 

12,313,547 

1876 

10,535,438 

1,240,645 

11,776,083 

1877 

10,439,768 

1,318,887 

11,758,655 

1878 

9,907,829 

1,344,318 

11,252,147 

1879 

9,320,511 

1,455,895 

10,776,406 

1880 

11,661,676 

1,583,942 

13,245,618 

The  extent  of  the  distribution  of  the  Durham  and  Northum- 
berland coal  appears  in  the  annexed  statement  showing  the 
details  of  its  movement  in  each  of  the  years  named  : — 


Distribution. 

I860. 

1870. 

1880. 

The  quantity  of  Coal  carried  oyer  the 
North-Eastem  Railway  for  local  con- 
Bumptioii  and  land  aale  from  the 
Durham  and  Northumberland  Coal 
Eields,  and  which  was  distributed 
oyer  the  districts  I  ierwick  and  Kelso 
in  the  North,  Carlisle  and  Tebay  in 
the  West,  and  Leeds,  Knottingley, 
Doncaster  and  Altofts  in  the  South 
Shipped  at  Hull,  Coal . 
Por  North-Eastem  Company's  use 

The  quantity  of  Coal  passed  oyer  the 
North-Eastem  Railway  to  districts 

Carried  Forward                 .     . 

Tons. 

1,673,278 

98 

43,780 

Tons. 

4,907,714 
362^866 

Tons. 

5,935,937 

101 

610,364 

1,717,156 

5,270,580 

6,546,402 

J 
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Distribution. 

I860. 

1870. 

1880. 

Brought  Forward  . 
South  of  Altofts,  Enottingley,  Don- 
caster  and  Leeds,  and  a£o  of  Coal 
to  places  North  of  Eelso  and  Berwick, 
and   West  of  Morpeth,  Hexham, 
Carlisle,  and  Tebay,  oeing  the  entire 
through  traffic  of  Coal        .        .     . 

The  quantity  of  Coke  carried  oyer  the 

North-Eastem   Bailway   for   local 

consumption  and  land  sale  between 

Kelso  and  Berwick  in  the  North, 

Carlisle  and  Tebay  in  the  West,  and 

Leeds,  Knottingley,  Doncaster,  and 

Altofte  in  the  Sou& 

Shipped  at  Hull,  Coke     .        .     . 

For  North-Fiast^  Company'suse, 

Coke 

The  quantity  of  Coke  carried  oyer  the 
North-Eastem  Eailway  to  districts 
South  of  Altofts,  Doncaster,  Knot- 
tingley and  Leeds,  and  to  places 
North  of  Kelso  and  Berwick,  and 
North  and  West  of  Morpeth,  Hex- 
ham, Carlisle  and  Tebay,  being  the 
entire  through  traffic  of  Coke  . 

Total  carried,  Coal  and  Coke    . 

• 

Tons. 

1,717,156 
149,552 

145,722 
166 

169,870 
392,837 

Tons. 

5,270,580 
,  703,715 

1,909,442 
93 

128,276 

987,678 

Tons. 
6,546,402 

398,257 

2,780,148 
31 

7,012 
1,929,826 

2,575,303 

8,999,784 

11,661,676 

The  distribution  of  coal,  the  produce  of  Yorkshire  and  Lan- 
cashire collieries,  in  each  of  the  same  years,  was  as  follows,  oyer 
the  North  Eastern  Railway  system  : — 


Distribution. 

I860. 

1870.                   1880. 

The  quantity  of  Coal  carried  oyer  the 
North-Eaistem  Bailway  from  York- 
shire and  Lancashire  Collieries  for 
consumption  at  places  on  the  North- 
Eastem  Bailway     .... 
For  shipment  at  Hull,  Coal     .    . 
Do.           Do.      Coke 
Do.         at  Qoole,  Coal    .    . 
Do.        at  Selby,  Coal 

Total  Coal  and  Coke    .     . 

Tons. 

354,385 
57,502 

210 

Tons. 

663,474 
184,602 

2,001 
11,778 

4,567 

Tons. 

•952,764 

572,835 

419 

57,031 

893 

412,097 

866,422 

1,583,942 

*  This  quantity  inclades  203,560  toos  carried  for  consumption  to  places  off  the 
Korth-Bastem  system. 


^.-1 
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Vo.  2.  Midland  Bailway  Syvtem. — From  the  following  re- 
turns since  the  yeax  I8569  &  remarkable  development  of  the  coal 
industries  of  those  districts  traversed  by  the  system,  appears, 
showing  a  five-fold  increase. 

Coal  carried  by  the  Midland  Railway  System  in  each  year  since 
1856 :— 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1856 

2,449,552 

1869 

6,532,521 

1857 

2,525,751 

1870 

7,370,987 

1858 

2,695,584 

1871 

8,255,469 

1859 

3,158,020 

1872 

8,963,170 

1860 

4,001,270 

1873 

9,891,661 

1861 

4,048,071 

1874 

9,615,186 

1862 

3,738,833 

1875 

10,627,117 

1863 

4,330,022 

1876 

10,057,896 

1864 

5,198,890 

1877 

10,384,244 

1865 

5,470,735 

1878 

11,063,877 

1866 

5,521,180 

1879 

12,078.084 

1867 

5,927,004 

1880 

12,383,910 

1868 

5,822,494 

The  annexed  details  of  quantities  carried  by  the  Midland 
system  in  1860,  1870,  and  1880,  exhibits  clearly  the  increase 
in  the  movement  of  coal  in  each  of  those  years : — 


Coal  Districts. 

I860.                       1870.            '            1880. 

1 

Derbyshire       .        .        .         ) 
Nottinghamshire  .                 .    ) 
Yorkshire         .... 
Leicestershire               .        .     . 
Gloucestershire         .                 ) 
South  Wales        .        .        .     ) 

Durham 

South  Staffordshire      .         .     ) 
Warwickshire  .        .         .         j 

Lancashire 

Somersetshire  .... 
Oumberland                          .     . 
Scotland 

Total         .        .     . 

Tons. 

2,230,275 

483,693 
717,633 

227,275 

255,163 

80,104 

7,127 

•  «■ 
• .  • 
••  • 

Tons. 
{ 4,079,447 
(     471,118 
1,382,808 

966,830 
}     219,010 
(         4,730 

112,801 

j      42,305 

(      75,863 

16,075 

«  •  • 

•  •  • 

•  •  • 

Tons. 

5,603,872 
1,614,377 
2,408,650 
1,066,861 
223,098 
660,872 
147,692* 
189,247* 
308,697 
130,216* 
19,626* 
8.345* 
2.357* 

4,001,270 

7,370,987 

12,383,910 

Vo.  3.    London  and  Vorth  Western  Bailway. — The  earliest 
return  available,  for  the  year  1864,  shows  that  a  total  quantity 


*  Quantities  received  from  other  lines  and  carried  over  Midland  ^tem. 
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of  coal  was  carried  by  this  system,  amounting  to  1,960,238  tons ; 
since  1856  the  quantities  have  been  as  follows : — 

London  and  North  Westbbn  Railway. 


Tear. 

Coal  Carried. 

Year. 

Coal  Carried. 

Tons. 

\ 

Tons. 

1866 

2,241,641 

1870 

7,165,371 

1867 

2,468,461 

1871 

7,765,667 

1869 

2,721.000 

1872 

8,193,991 

1862 

2,861,667 

1873 

8,299,491 

1863 

3,766,111 

1874 

7,641,426 

1864 

3,179,910 

1876 

9,077,664 

1866 

6,032,678 

1876 

9,496,171 

1866 

4,639,461 

1877 

9,687,999 

1867 

6,887,003 

1878 

9,701,966 

1868 

6,668,071 

1879 

10,828,393 

1869 

6,488,207 

1880 

11,100,891 

The  details  of  the  quantities  carried  in  the  years  1860,  1870, 
and  1880,  from  the  coal-fields  traversed  by  the  London  and 
North  Western  system  being  as  follows : — 


Coal-fields. 

1800. 

1870. 

1880. 

Tons. 

Tons. 

Tons. 

Lancashire 

1,411,000 

4,967,785 

7,024,080 

South  Staffordshire  . 

94,000 

666,720 

1,611,099 

South  Wales        .        .        .     . 

219,000 

70,321 

903,336 

North  Wales    .        .        .        . 

•  •  a 

376,612 

304,609 

Warwickshire 

64,000 

187,931 

306,262 

Yorkshire        .... 

108,000 

203,206 

236,648 

Ohoshire 

160,000 

104,484 

184,816 

North  Staffordshire . 

•  .• 

60,833 

79,696 

Shropshire 

••  • 

117,317 

106,333 

Leicestershire  .... 

•.  • 

... 

44,838 

Derbyshire 

Oumberland     .... 

Total    . 

676,000 

66,217 

27,632 

•  •  • 

346,046 

371,766 

2,721,000 

7,166,371 

11,100,891 

Vo.  4.  The  Great  Vorthem  Bailway.  —  Commencing  with 
the  year  1857,  when  the  total  weight  of  coal  carried  by  this 
system  amounted  to  968,125  tons ;  the  quantity  carried  from 
Yorkshire  was  895,767  tons,  and  from  Derbyshire,  72,868  tons. 
Since  1857  the  quantities  carried  are  as  follows  : — 
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Geeat  Northeen  Bail-way. 


Year. 

Coal  Carried. 

Year. 

Coal  Carried. 

Tona. 

, 

Tons. 

1857 

968,125 

1870 

2,276,312 

1860 

985,588 

1871 

2,403,926 

1861 

1,076,673 

1872 

2,553,051 

1862 

1,068,917 

1873 

2,545,278 

1863 

1,148,681 

1874 

2,307,024 

1864 

1,751,105 

1875 

2,696,645 

1865 

2,097,809 

1876 

2.658,102 

1866 

2,212,893 

1877 

2,873,158 

1867 

2,843,755 

1878 

2,992,642 

1868 

2,113,290 

1879 

3,475.343 

1869 

2,121,541 

1880 

3,627,756 

The  total  weight  carried  from  each  coal-field  in  the  years  1860, 
1870,  and  1880,  by  the  Great  Northern  Railway,  will  be  seen  in 
the  annexed  table  : — 


Coal-fields. 

I860. 

1870. 

1880. 

Durham 

South  YorkBhire  .                 .     . 

West  Torkshire 

N.  and  S.  Lincolnshire         .     . 

Derbyshire       .... 

London  N.  Western             .     . 

North  Staffordshire  . 

South  Wales                         .     . 

Leicestershire  .... 

Retford 

Total     . 

Tons. 

181*560 
611,112 

159,'412 

•  •  • 

•  ■  ■ 
«  •  • 

33,504 

TCIIB. 

524,695 
551,348 
443,261 

573^261 

«  •  • 
•  •  • 

6,561 
177,186 

Tons. 

210,083 

863,575 

971,074 

161,860 

896,636 

35,917 

13,547 

23,550 

1,829 

♦449,685   . 

985,588         2,276,312 

3,627,756 

Vo.  5.  The  Great  Western  Bailway. — The  total  quantity  of 
coal  carried  in  the  year  1857  was  382,104  tons,  from  the  following 
coal  districts : — 

TOWS. 

South  Wales 120,080 

North  Wales 93,985 

Vale  of  Neath 24,772 

Badstock 143,267 

Total      ....    382,104 
The  total  quantities  carried  in  later  years  being  as  follows : — 


*  Carried  to  London  and  North- Western  Bailway  via  Market  Harhorough. 
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Tear. 

CoalCaiTiecL 

Year. 

Coal  Carried. 

Tons. 

Tons. 

1857 

382,104 

1873 

5,411,105 

1860 

542,199 

'      1874 

5,546,865 

1862 

713,501 

'     1875 

5,469,506 

1865 

2,182,739 

!     1876 

6,053,806 

1869 

3,683,640 

1877 

6,412,798 

1870 

3,791,532 

1878 

o,9oo,o«j4 

1871 

3,962,647 

1879 

6,481,342 

1872 

4,296,597 

1880 

6,909,968 

The  coal  thus  carried  in  the  years  1860,  1870,  and  1880,  was 
derived  from  the  following  coal-fields  traversed  by  the  Great 
"Western  Railway  system : — 


Coal-fields. 

I860. 

1870. 

1880. 

South  Wales 

Forest  of  Dean 

Yale  of  Neath 

North  Wales    . 

Badstock     .... 

Bristol 

South  Stafifordshire              .     . 

Tons. 

204,082 

122,530 

185,363 

30,224 

•  ■  • 

Tons. 

2,850,412 

646,810 
294,310 

•  •  • 

•  •  • 

Tons. 

5,384,411 

960,934 
258,482 

306,141 

Total    . 

542,199 

3,791,532 

6,909,968 

Vo.  6.    Taff  Vale  Bailway. — Total  quantities  of  coal  and  coke 
conveyed  over  the  Company's  lines  in  each  year  since  1841 : — 


Year. 

Qnantitiea. 

Year. 

Quantities. 

Tons. 

Tons. 

1841 

41,669 

1861 

2,297,250 

1842 

114,516 

1862 

2,540,657 

1843 

152,100 

1863 

2,722,011 

1844 

187,740 

1864 

2,842,049 

1845 

265,040 

1865 

2,855,138 

1846 

294,175 

1866 

3,248,235 

1847 

360,324 

1867 

3,381,045 

1848 

502,029 

1868 

3,540,324 

1849 

530,145 

1869 

3,310,067 

1850 

594,222 

1870 

3,943,661 

1851 

612,716        1 

1871 

3,593,932 

1852 

711,692 

1872 

4,213,506 

1853 

874,362 

1873 

4,527,641 

1854 

1,025,145 

1874 

4.352,778 

1855 

1,155,904 

1875 

3,776,813 

185^ 

1,394,394         1 

1876 

4,879,150 

1857 

1,468,527 

1877 

5,170,953 

1858 

1,445,157 

1878 

5,613,639 

1859 

1,759,422 

1879 

5,849,184 

1860 

2,132,995 

1880 

6,894,403 
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This  railway,  though  inconsiderable  in  extent  compared  with  the 
several  systems  previously  referred  to,  exercises  an  important 
influence  in  the  movement  of  coal  in  the  eastern  extremity  of  the 
South  Wales  Coal-field  which  it  traverses.  Its  total  length  is  but 
86  miles,  28  miles  of  which  are  single  lines,  the  remaining  58  being 
double.  In  the  86  miles  above  referred  to  is  included  those  other 
lines  leased  or  worked  by  the  Taflf  Vale  Company,  which  are  as 
follows : — The  Aberdare,  Cowbridge,  Dare  Valley,  Llantrissant 
and  Taflf  Vale  Junction,  Penarth  Extension,  Penarth  Harbour 
Dock  and  Railway,  and  the  Bhondda  Valley  and  Hirwain  Junction 
Railways.  The  extent  of  the  traffic  of  coal  and  coke  will  be 
seen  in  the  annexed  table  for  the  four  decennial  periods  ending 
1880 :— 


Railway  Distribution. 


To  Cardiff  and  Penarth  Junction 
Sold  retail         .... 
To  Quaker's  Yard  Junction    . 
To  Mountain  Ash  Junction 
Conveyed  over  by  other  railways 
To  Brecon  and  Merthyr  Junction 
To  Walnut  Tree  Bridge  Junction 


Totals 


1860. 


1860. 


1870. 


1880. 


Tons. 
564,698 
29,524 


594,222 


Tons. 


1,929,525     3,415,193 


Tons. 


203,470 


363,226 

81,050 

6,685 

77,507 


Tons. 

5,955,457 

356,691 

135,419 

4,006 

345,757 

97,010 

63 


2,132,995    3,943,661     6,894,403 


Vo.  7.  The  Coal  Consumed  in  the  Metropolis,  amounting 
to  upwards  of  13  per  cent,  of  the  total  produce  of  Great  Britain 
during  the  year  1880,  was  conveyed  to  London  in  the  following 
proportions  by  sea,  raUway  and  canal  in  1880  and  previous  years 
since  1828 :  that  brought  by  sea  being  the  produce  of  the  Durham 
and  Northumberland  Coal-field  : — 

Goal  brought  into  Loirnoir  by  Sea,  Canal,  and  Bailway  sinoe 

THE  Tear  1823. 


Year. 

Sea. 

Canal. 

Railway.          |            TotaL 

Tons.   • 

Tons. 

Tons. 

Tons. 

1823 

1,674,412 

993 

1,575,405 

1824 

1,828,177 

1,695 

1,829,872 

1825 

1,870,349 

1,658 

1,872,007 

1826 

1,813,757 

1,686 

1,815,443 

1827 

1,985,969 

2,149 

1,988,118 

1828 

1,960,559 

547 

■  • 

1,961,106 

1829 

2,018,975 

•  •  • 

2,018,975 

1830 

2,079,275 

•  ■  • 

2,079,275 

1831 

2,045,292 

10,742 

2,056,034 

1832 

2,139,078 

6,905 

2,145,983 

1833 

2,010,409 

4,395 

2,014,804 

CHAP.  XX.]  COAL-FIELDS  OP  THE  UNITED  KINGDOM. 


305 


Coal  bbouoht 

INTO  Loin>ON 

BINGE  182S— continued. 

Tear. 

Sea. 

Canal. 

RaUway. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1834 

2,078,635 

1,862  . 

•  •  • 

2,080,497 

1835 

2,298,812 

1,004 

■  •  • 

2,299,816 

1836 

2,402,474 

1,199 

•  •  • 

2,403,673 

1837 

2,543,742 

2,324 

•  •  • 

2,546,066 

1838 

2,518,085 

1,686 

•  •  • 

2,519,771 

1839 

2,625,323 

12,933 

•  •  • 

2,638,256 

1840 

2,566,899 

22,188 

•  a* 

2,589,087 

1841 

2,909,144 

33,594 

•  •  • 

2,942,738 

1842 

2,723,200 

31,519 

•  •  • 

2,754,719 

1843 

2,628,520 

34,593 

•  •  • 

2,663,113 

1844 

2,490,910 

72,275 

•  •  • 

2,563,165 

1845 

3,392,51^ 

60,310 

8,377 

3,461,199 

1846 

2,920,376 

21,872 

11,698 

2,953,946 

1847 

3,280,420 

22,005 

19,336 

•  3,321,761 

1848 

3,418,340 

19,918 

37,888 

3,476,138 

1849 

3,339,146 

19,222 

19,639 

3,378,007 

1850 

3,553,304 

29,479 

55,095 

3,637,878 

1851 

3,236,542 

29,434 

247,908 

3,507,884 

1852 

3,330,428 

33,913 

377,907 

3,742,248 

1853 

3,373,256 

21,644 

629,712 

4,014,612 

1854 

3,399,561 

32,153 

945,056 

4,376,770 

1855 

3,016,869 

23,250 

1,137,835 

4,177,954 

1856 

3,119,884 

25,401 

1,246,299 

4,391,584 

1857 

3,133,459 

26,295 

1,206,775 

4,366,529 

1858 

3,266,446 

20,244 

1,190,521 

4,477,191 

1859 

3,299,170 

16,964 

1,191,169 

4,507,303 

1860 

3,573,377 

19,593 

1,477,545 

5,070,515 

1861 

3,567,002 

18,217 

1,642,502 

5,227,721 

1862 

3,442,402 

11.651 

1,513,296 

4,967,349 

1863 

3,335,174 

9,226 

1,775,487 

5,119,887 

1864 

3,116,703 

8,902 

2,342,440 

5,468,045 

1865 

3,161,683 

8,532 

2,733,056 

5,903,271 

1866 

3,033,193 

10,176 

2,969,896 

6,013,265 

1867 

3,016,416 

9,965 

3,295,652 

6»322,033 

1868 

2,918,230 

9,527 

2,979,333 

5,907,090 

1869 

2,873,688 

6,941 

3,341,585 

6,222,214 

1870 

2,993,710 

7,301 

3,768,089 

6,759,100 

1871 

2,762.712 

6,615 

4,449,141 

7,218,468 

1872 

3,548,918 

8,236 

4,999,268 

7,556,422 

1873 

2,665,680 

11,195 

5,147,413 

7,824,288 

1874 

2,727,719 

5,982 

4,689,785 

7,423,486 

1875 

3,134,846 

4,594 

5,065,452 

8,204,892 

1876 

3,273,442 

4,696 

5,173,297 

8,451,375 

1877 

3,170,601 

4,608 

5,416,474 

8,591,683 

1878 

3,198,309 

2,977 

5,593,290 

8,794,576 

1879 

3,508,526 

2,910 

6,547,375 

10,058,811 

1880 

3,714,708 

4,470 

6,196,310 

9,915,488 

The  earliest  account  met  with  of  coal  brought  to  London 
by  railway  is  for  the  year  1845,  when  8,377  tons  were  conveyed 
into  the  MetropoUs,  increased  in  1880  to  6,196,810  tons.    The 
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annexed  returns  for  the  years  1860,  1870,  and  1880,  give  the 
quantities  carried  by  the  several  railway  companies  into  London, 
to  which  are  also  appended  th)e  quantities  brought  by  sea,  and  the 
ports  from  which  received,  in  each  of  the  said  years :  * — 


By  Railway  and  CanaL 

I860. 

1870. 

1880. 

Tons. 

Tons. 

Tons. 

London    and     North- ) 
Western  Railway  .    } 

693,419 

835,281 

1,436,338 

Great  Northern  Railway 

502,813 

978,049 

949,740 

Great  Western  Railway 

63,944 

470,853 

1,055,609 

Great  Eastern  Railway  . 

121,226 

507,344 

669,288 

Midland  Railway  . 

58,490 

923,660 

1,999,668 

London     and     South- ) 
Western  Railway      ) 

17,589 

27,560 

59,369 

South-Eastem  Railway . 

14,585 

10,482 

20,196 

London,  Chatham,  and ) 
Dover  Railway      .    ( 

104 

4,572 

6,007 

London,  Tilbury,    and) 
Southend                 .  ) 

Total     .        .     . 

958 

262 

94 

l,477,545t 

3,758,089t 

6,196,309 

Canals 

Total     .        .     . 
By  Sea. 

19,593 

7,301 

4,471 

1,497,138 

3,765,890 

6,200,780 

Newcastle 

1,347,574 

1,507,078 

2,005,064 

Seaham     .        .        .    • 

210,418 

107,798 

225,914 

Sunderland    . 

977,519 

769,243 

948,151 

Middlesbro'                .    . 

61,183 

72,830 

17,809 

Hartlepool    and    West ) 
Hartlepool 

703,836 

409,754 

286,294 

Blyth         .... 

40,986 

3,562 

200 

Scotland 

13,002 

39,902 

63,379 

Wales        .... 

130,009 

25,937 

94,638 

Yorkshire 

45,230 

40,966 

22,632 

Duff     .... 

... 

... 

230 

Small  Coal 

25,047 

8,432 

41,956 

Culm  .         ... 

1,902 

444 

•  ■  • 

Cinders     . 

16,671 

6,962 

6,070 

Colonial       .        .     . 

Total . 

Total  by  Rail,  Canal,  ) 
and  Sea  .        .    ) 

•  •  • 

•  •  • 

2,350 

3,073,377 

2,993,710§ 

3,714,708|i 

5,070,515 

6,759,100 

9,915,488 

*  From  Mr.  James  R.  Scott's  '^Goal  and  Coke  Returns '*  pablished  by  the 
authority  of  the  Corporation  of  London, 
f  Including  4417  tons  carried  by  the  Hereford  and  Lnton  Railway. 
t  Including  26  tons  carried  by  the  London  and  Brighton  Railway. 
§  Including  802  tons  from  Lancashire, 
y  Including  21  tons  of  foreign  coal. 
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Vo.  8,  Cm14>  Ouidftni  and  Culm.— An  account  of  the  quan- 
tities shipped  at  the  several  ports  of  England,  Scotland,  and 
Ireland,  coastways,  since  the  year  1834,  to  other  ports  of  the 
United  Kingdom  (from  Parliamentary  Betums) ; — 


Year. 

England. 

Scotland. 

Ireland. 

Total. 

Tous. 

Tons. 

Tons. 

Tons. 

1834 

6,280,632 

638,771 

3,168 

6,822,661 

1836 

6,668,346 

657,043 

2,606 

6,117,993 

1836 

6,921,246 

648,076 

3,083 

6,472,404 

1837 

6,638,906 

647,680 

4,106 

7,090,691 

1838 

6,672,636 

613,876 

3,923 

7,190,433 

1839 

6,621,677 

699,348 

2,088 

7,223,013 

1840 

6,749,690 

723,634 

2,663 

7,476,877 

1841 

7,020,289 

627,060 

2,660 

7,649,899 

1842 

7,079,688 

667,036 

2,845 

7,649,469 

1843 

6,906,316 

639,166 

1,612 

7,447,084 

1844 

6,731,647 

644,388 

1,827 

7,377,862 

1846 

8,191,772 

630,388 

1,308 

8,723,468 

1846 

7,838,668 

466,173 

1,601 

8,306,442 

1847 

8,442,667 

431,308 

724 

8,874,699 

1848 

8,676,148 

496,816 

1,115 

9,074,079 

1849 

8,082,200 

469,918 

688 

8,662,706 

1860 

8,901,886 

463,123 

2,770 

9,367,778 

1861 

8,319,966 

496,106 

476 

8,816,638 

1862 

8,667,986 

601,413 

179 

9,069,677 

1863 

8,694,063 

476,767 

164 

0,070,984 

1864 

8,796,136 

476,772 

258 

9,273,165 

1866 

8,322,403 

630,678 

161 

8,853,142 

1866 

8,570,489 

639,407 

180 

9,110,076 

1867 

o,9«54,9Ud 

698,669 

201 

9,633,676 

1868 

8,960,026 

666,704 

81 

9,525,811 

1869 

9,636,913 

670,790 

130 

10,107,833 

1860 

9,977,397 

743,214 

106 

10,720,716 

1861 

10,266,228 

726,249 

120 

10,992,697 

1862 

10,016,420 

857,786 

70 

10,874,276 

1863 

9,634,888 

763,244 

120 

10,388,262 

1864 

10,099,834 

870,877 

•  •  • 

10,970,711 

1866 

10,064,966 

863,291 

• .  • 

10,928,267 

1866 

9,901,675 

819,029 

120 

10,720,824 

1867 

10,295,042 

1,004,348 

•  •  • 

11,299,390 

1868 

9,652,234 

923,001 

40 

10,675,275 

1869 

9,634,967 

917,178 

• .  • 

10,452,136 

1870 

10,042,973 

1,062,693 

• .  • 

11,106,666 

1871 

9,616,760 

1,115,668 

• . . 

10,731,318 

1872 

8,966,467 

1,171,340 

• . . 

10,136,797 

1873 

9,143,820 

1,324,985 

••  • 

10,468,806 

1874 

8,602,267 

1,079,792 

• .  • 

9,682,049 

1876 

9,301,352 

1,408,516 

• .  • 

10,709,867 

1876 

9,692,397 

1,307,296 

... 

10,999,693 

1877 

9,686,801 

1,278,703 

80 

10,965,504 

•1878 

8,732,399 

1,325,698 

•  •  • 

10,058,097 

1879 

10,623,380 

1,421,743 

330 

12,045,453 

1880 

10,602,908 

1,215,816 

70 

11,818,794 

X  2 
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Vo.  9.  Coal  Exported  to  Foreign  Countries. — From  a  Par- 
liamentary paper  published  in  the  year  1831^*  it  appears  that  the 
total  quantity  of  coals^  cinders^  and  culm  exported  to  foreign 
countries  amounted  to  237,667  tons ;  of  this  quantity  217;681 
tons  were  conveyed  in  British  ships^  and  19,976  tons  in  the  ships 
of  foreign  nations.  In  subsequent  years,  till  1829,  the  following 
quantities  were  annually  sent  out  of  the  country,  with  the 
amount  of  duty  paid  thereon  : — 


IN  BRITISH  SHIPPING. 

IN  FOREIGN  SHIPPING. 

Year. 

Quantity. 

Duty. 

Quantity. 

Duty. 

Tods. 

£               8. 

d. 

Tons. 

£         s.     d. 

1816 

217,681 

61,253    3 

0 

19,976 

7,286  17    7 

1817 

220,811 

50,262  16 

5 

32,330 

10,301  15  11 

1818 

221,703 

43,103  11 

0 

50,753 

16,556    8    4 

1819 

202,156 

37,654     1 

6 

36,084 

11,208    6    5 

1820 

221,080 

39,970  17 

2 

29,860 

8,388    6    7 

1821 

236,085 

43,506    4 

9 

26,884 

7,405     8    4 

1822 

251,702 

42,775    5 

7 

35,694 

9,996  10  10 

1823 

217,256 

34,550  14 

8 

36,741 

9,470    0     1 

1824 

221,484 

29,584    5 

4 

60,531 

13,238    6    3 

1825 

235,298 

29,774    5 

5 

77,948 

13,646  16    4 

1826 

278,588 

28,849  18 

3 

69,693  . 

11,703  19    5 

1827 

288,071 

30,008  13 

4 

80,608 

15,173  15  11 

1828 

294,727 

30,239    4 

0 

63,137 

11,190    8    2 

1829 

283,574 

29,143    4 

1 

87,696 

14,739  11  11 

The  quantities  of  coals,  cinders,  and  culm  exported  from  the 
United  Kingdom  in  the  three  years  ending  1832,  with  the  amount 
of  duties  received  thereon,  were  as  follows  :  t — 


Year. 

Quantities. 

Value. 

1830 
1831 
1832 

Tons. 
504,419 
510,831 
588,446 

£          8.     d. 
63,889  17    6 
55,237    5  10 
56,706    2  10 

The  duty  levied  on  coals  at  this  period  to  foreign  countries  was 
Ss.  4d.  per  ton  in  British  ships,  and  68.  8d.  per  ton  in  other 
ships ;  small  coals,  cinders,  and  culm  paying  28.  per  ton  in  British 
ships,  and  4s.  per  ton  in  other  ships.    In  the  year  1833  the  total 

*  No.  287.    "  Account  of  the  quantities  of  Coal  exported  to  Foreign  Ck)untrie8.'* 
House  of  Commons  paper,  printed  25th  March,  1831. 
t  Ibid,,  No.  586.    29th  July,  1833. 
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exports  of  coals,  cinders,  and  culm  amounted  to  634,448  tons,  the 
dutj  paid  on  the  same  amounting  to  £6Sfi06  88.  6d.  The 
particulars  are  as  follows : — 


Description. 

Qanntitiea. 

Duty. 

Coals      .... 
Small  ooals                .    . 
Culm.     •        .        .        . 

Total     .        .     . 

Tons. 
409,665 
223,819 
964 

£         s.     d. 

41,677     1     0 

23,296  19    6 

34    8    0 

634,448            65,008    8    6 

Between  the  years  1883  and  1850,  in  which  latter  year  the 
duty  on  coal  exported  to  foreign  countries  and  British  settlements 
was  wholly  repealed,  the  exports  were  as  follows  : — 


Yew. 

Coals. 

Cinders. 

Culm. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1834 

609,756 

3,654 

1,845 

615,255 

1835 

729,478 

3,964 

2,618 

736,060 

1836 

910,773 

5,191 

904 

916,868 

1837 

1,106,020 

6,447 

1,143 

1,113,610 

1838 

1,303,384 

9,693 

632 

1,313,709 

1839 

1,431,861 

17,163 

393 

1,449.417 

1840 

1.592,283 

13,783 

247 

1,606,313 

1841 

1,831,554 

16,514 

226 

1,848,294 

1842 

1,975,280 

23,434 

790 

1,999,504 

1843 

1,820,284 

42,698 

3,229     ' 

1,866,211 

1844 

1,698,391 

49,389 

6,391 

1,754,171 

1845 

2,442,740 

84,556 

3,986 

2,531,282 

1846 

2,432,382 

95,554 

3,172 

2,531,108 

1847 

2,390,087 

88,884 

4,190 

2,483,161 

1848 

2,699,468 

82,908 

2,924 

2,785,300 

1849 

2,730,567 

95,630 

1,842 

2,828,039 

1850 

3,211,619 

137,348 

2,913 

3,351,880 

Since  the  abolition  of  the  duties  on  coal  and  cinders*  in  1850, 
a  greatly  increased  demand  for  British  coal  has  arisen,  the 
exports  increasing  from  8,861,880  tons  in  1860  to  18,702,661 
tons  in  1880,  showing  an  increase  of  upwards  of  600  per  cent, 
in  a  period  of  thirty  years.  In  the  annexed  statement  is  given 
the  total  quantities  exported,  of  coal,  cinders,  and  culm,  its  de- 
clared value  at  the  port  of  shipment,  and  the  average  value  per 
ton  in  each  year  since  1860 : — 

*  The  duty  was  wholly  repealed  by  Act  13  &  14  Vict  c  96.     From  14th 
AngiiBt,  1860. 
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Tear. 

Quantities. 

Value. 

Price  per  Ton. 

Tons. 

& 

a      d. 

1850 

3,351,880 

1,284,224 

7     8 

1851 

3,468,545 

1,302.473 

7    6 

1852 

3,640,194 

1,372,114 

7    6 

1853 

3,935,062 

1,604,591 

8    2 

1854* 

3,359,575 

2,164,405 

10    0 

1855 

5,061,762 

2,505,326 

9    9 

1856 

5,949,241 

2,869,230 

9    7 

1857 

6,821,750 

3,264,098 

9    7 

1858 

6,597,128 

8,088,747 

9    3 

1859 

7,082,029 

3,315,279 

9    4 

1860 

7,412,575 

3,371,631 

9    1 

1861 

!        7,934,832 

3,652,164 

9    2 

1862 

8,380,673 

3,798,727 

9     1 

1863 

8,342,500 

8,752,308 

9    0 

1864 

8,900,872 

4,220,883 

9    6 

1865 

9,283,214 

4,496,567 

9    8 

1866 

10,142,260 

5,218,498 

10    1 

1867 

10,565,829 

5,488,945 

10    5 

1868 

10,967,062 

5,487,922 

9  11 

1869 

10,744,945 

5,165,668 

9    7 

1870 

11,702,649 

5,638,371 

9    8 

1871 

12,747,989 

6,246,133 

9  11 

1872 

13,198,494 

10,442,821 

16  10 

1873 

12,617,566 

13,188,551 

20  11 

1874 

13,927,205 

11,984,621 

17     3 

1875 

14,544,916 

9,658,088 

13     3 

1876 

16,265,839 

8,901,716 

10  11 

1877 

15,420,050 

7,844,486 

10    2 

1878 

15,483,816 

7,321,424 

9     5 

1879 

16,442,296 

7,206,799 

8  10 

1880 

18,702.551 

8,378,944 

8  11 

Considerable  quantities  of  coal  are  annually  shipped  from  the 
ports  of  Great  Britain  for  the  use  of  steamers  engaged  in  the 
foreign  trade.  The  shipments  for  the  year  1874  were  8,140,883 
tons.     Since  that  date  the  quantities  are  as  follows : — 


Year. 

Tcnis. 

Tear. 

Tons. 

1875 
1876 
1877 

3,278,249 
3,564,524 
3,661,552 

1878 
1879 
1880 

4,018,010 
4,401,120 
4,926,076 

Coal*  Coke,  Cindeni  and  Kanu&ctnred  Fuel  exported  from 
Great  Britain,  and  the  countries  to  which  exported,  in  each  of 
the  years  1860,  1870,  and  1880 :  t— 

*  Patent  fael  not  incladed  between  the  years  1854  and  1860. 
t  Aecording  to  <*  Trade  and  Kavigation  Betums."    Mannfactared  fael  exported 
is  indnded  in  the  returns  lor  1880. 
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Countries  to  which  Exiwrted. 

1860. 

1870. 

1880. 

Tons. 

Tons. 

Tons. 

Bussia 

356,147 

829,514 

1,498,426 

Denmark. 

418,163 

695,704 

860,373 

Sweden       .... 

... 

385,763 

1,317,27^ 

Prussia    .... 

399,174 

547,541 

•  •  • 

Hanse  Towns 

639,477 

800,240 

•  ■  ■ 

Holland   .... 

316,768 

412,833 

498,049 

Fiance         .... 

1,393,330 

2,082,224 

3,711,720 

Spain  and  Canaries  . 

452,436 

584,310 

895,239 

Turkey        .... 

United  States  . 

196,119 

•  •  « 

289,152 

309,870 

106,494 

... 

Italy  (Sardinia)    . 

•  ■  ■ 

387,165 

1,531,009 

Brazil       .... 

•  •  * 

271,573 

359,193 

Britisli  India 

■  •  • 

426,575 

854,784 

Germany. 

«  •  • 

•  •  • 

2,239,947 

Egypt 

Malta       .... 

■  ■  • 

•  •  ■ 

649,846 

•  •  • 

•  •  a 

388,057 

Other  Countries  . 

2,966,844 

3,965,156 

3,609,482 

Total    .... 

7,348,328 

11,495,092 

18,702,551 

Declared  Value 

1            a 

£3,321,539 

£5,506,890 

£8,378,944 

Vo.  10.  Patent  Fuel  Exported  from  Great  Britain  to  foreign 
countries^  with  the  declared  valae  at  port  of  shipment,  and  average 
value  per  ton.  In  the  year  1854  the  quantities  exported  amounted 
to  60,820  tons,  of  the  value  of  £37,249|  giving  an  average  value 
of  14«.  10(2.  per  ton.  Since  that  date  the  returns  are  as  follows :  * — 


1 
Average 

Average 

Tear. 

Quantities. 

Valne. 

price  per  ' 
Ton.       1 

Year. 

Quantities. 

Value. 

price  per 
Ton. 

Tons. 

£ 

s.      d. 

Tons. 

£ 

s.     d. 

1855 

84,860 

58,985 

13  10 

1868 

129,258 

85,397 

13    2 

1856 

69,462 

42.648 

12     4 

1869 

156,520 

97,878 

12    6 

1857 

84,032 

53,437 

12    8 

1870 

198,377 

123,742 

12    0 

1858 

67,645 

43,313 

12    2 

1871 

198,115 

125,034 

12     1 

1859 

75,080 

45,266 

12    0 

1872 

207,241 

189,335 

18    3 

1860 

90,743 

55,350 

12    2 

1873 

278,410 

317,878 

22  10 

1861 

79,717 

47,374 

11  10 

1874 

309,894 

310,917 

20    0 

1862 

78,821 

47,860 

12    2 

1875 

253,331 

203,681 

16     1 

1868 

67,288 

38,510 

11     5 

1876 

231,968 

164,738 

14    2 

1864 

90,964 

55,110 

12     1 

1877 

205,511 

114,313 

11     1 

1865 

112.737 

69,390 

12    3 

1878 

221,867 

118,730 

10    8 

1866 

188,548 

115,693 

12    3 

1879 

356,776 

181,196 

10    2 

1867 

150,051 

96,493 

12  10 

1880 

385,993 

197,360 

10    3 

*<  Trade  and  Kayigation  Betorns.'* 
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Popnlation  Employed  in  Coal-mining  in  tke  United  S^ingdom. 

— ^All  the  early  returns  on  this  subject  were  careful  estimates 
made  by  the  Inspectors,  each  in  his  own  district.  Since  1872, 
when  the  '^  Coal  Mines  Regulation  Act  **  came  into  operation, 
very  complete  returns  have  been  published  in  the  annual  reports 
of  H.M.  Inspectors  of  Mines,  in  which  the  numbers  engaged 
under  and  above  ground  are  separately  distinguished,  together 
with  the  quantity  of  coal  raised,  which  appear  in  the  annexed 
table,  to  which  is  added  the  average  production  per  man  in  each 
year : — 


Year. 

PBBBONB  KXPLOTJCD. 

Total. 

Coal  Raised. 

1 

Average 
per  Han. 

Under 
Ground. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

N08. 

407,808 
428,611 
427,017 
409,229 
395,025 
382,979 
385,179 
391,381 

N08. 

106,341 

110,218 

108,828 

105,303 

99,366 

92,350 

91,631 

93,552 

N08.           1 

514,149 
538,829 
535,845 
514,532 
494,391 
475,329 
476,810 
484,933    1 

Tons. 
128,680,131 
126,590,108 
133,306,485 
134,125,166 
134,179,968 
132,612,063 
133,720,393 
146,969,409 

Tons. 

250 

235 

245 

266 

278 

279 

280 

303 

These  figures  indicate  the  increased  efficiency  of  the  coal- 
miner  in  recent  years.  When,  in  1873,  the  year  of  the  Coal 
Famine,  the  average  output  per  man  was  260  tons  per  annum,  a 
less  number  of  persons  were  employed  than  in  the  succeeding 
year  when  the  average  fell  to  285  tons  per  man,  the  diminished 
production  being  due  to  the  larger  amount  of  unskilled  labour 
employed.  Since  1874,  however,  the  efficiency  of  the  coal-miner 
has  gone  on  increasing,  till,  in  1879,  the  average  amounted  to 
280  tons,  and  in  1880  to  803  tons  per  annum. 

Of  the  population  employed  in  coal-mining,  the  annexed  ab- 
stract will  show  the  numbers  and  respective  ages  of  all  engaged 
under  and  above  ground  in  the  collieries  of  the  United  Kingdom 
in  the  year  1873,  when  the  first  return  appeared,  and  for  the 
years  1879  and  1880 ;  the  last-named  year  showing  an  increase 
of  8,128  persons  employed  in  excess  of  the  previous  year,  and  an 
increase  of  23  tons  per  man : — 
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Ages. 

1873. 
Persons  Employed. 

1879. 
Persons  Employed. 

1880. 
Persons  Employed. 

Under  Qround — 

Nos. 

Nos. 

Nos. 

From  10  to  12 

1,202 

446 

428 

„     12  to  13    . 
„     13  to  16 
Above  16    . 
Above  Ground — 

11,309 

45,931 

349,366 

4,881 

35,993 

343,859 

4,868 

36,162 

349,923 

Males,  10  to  13 

2,070 

671 

552 

Females,  10  to  13 

31 

9 

10 

Males,  13  to  16 
Females,  13  to  16 

6,957 
790 

6,572 
502 

7,037 
354 

Males,  above  16     .    . 
Females,  above  16 

Total             .    . 

91,110 
5,383 

79,546 
4,331 

81,323 
4,276 

514,149 

470,810 

484,933 

SasourcMi  and  Probable  Ihiration  of  the  Coal-fields  of  the 

United  Kingdom. — The  total  quantity  of  coal  ascertained  ]by  the 

Boyal  Coal  Commission  as  available  for  future  use,  amounts, 

in  the  aggregate,  to  146,180,285,398  tons.     Of  this  quantity 

90,207,286,898  tons  exist   at   depths  not  exceeding  4,000  feet 

in  known  coal-fields,  and  66,278,000,000  tons  as  the  probable 

amount  of  coal,  under  Permian  and  other  overlying  formations, 

at  depths  of  less  than  4,000  feet ;  40  per  cent,  being  deducted 

for  loss  and  other  contingencies.    The  details  of  quantities  under 

the  first  head,  visible  coal-fields,  appear  in  the  annexed  table 

from  the  Coal  Commission  Beport.*     Side  by  side  are  given  the 

quantities  of  coal  remaining  and  available  for  future  use  from 

1880,  amounting  to  79>016,613,038  tons,  divided  as  follows  in 

the  visible  coal-fields  of  the  United  Kingdom  : — 

Tom. 

England  and  Wales 69,192,056,317 

Scotland 9,669,172,642 

Ireland 154,384,079 

Total  known  ooal-fields       ....    79,015,613,038 
Concealed  ooal-fieldB        ....    56,273,000,000 

Total  ooal  available,  1880  .        .    .  135,288,613,038 


With  these  available  resources,  and  an  annual  output  of  nearly 
147  millions  of  tons,  supplies  are  yet  ensured  for  920  years 
hence. 

•  Vol.  L,  p.  9.    0.  435.    1871. 
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Amount  of  Coal 
in  statute  tons, 

Amount  of  Coal 

Comnussion. 

No. 

Namo  of  Coal-field. 

to  depths  not 

exceeding  4000 

feet,  and  after 

the  necessary 

deductions. 

remaining  and 

available  for 

future  use 

from  the  year 

1880. 

Tons. 

Tons. 

England  and  Wales. 

Messrs.  Vivian  and  Clark 

1 

South  Wales 

82.456,208,913 

82,302,046,783 

Mr.  Dickinson 

2 

Forest  of  Dean               .    . 

285,000,000 

257,623,705 

Mr.  Prestwieh    .        .    . 

8 

Bristol        .... 

4,218,970,762 

4.207,076,209 

Mr.  WfKwlhouse 

4 

Warwickshire                 .    . 

458,652,714 

450,179,258 

Mr.  Hartley                .    . 

5 

SouUi  Staffordshire    .        ) 

Coalbrookdale  and  Forest ' 

ofWyre    .       .       .     i" 

Glee  Hills    .        .        .        j 

»i             ... 

*{ 

1,906,119,768 

1,789,674,298 

ti        •        •        .    . 

7 

Mr.  woodhcmse 

8 

Jjeice^tershire         .        .    . 

836.799,734 

826,799,784 

Mr.  Dickinson    .        .    . 
f>           ... 

9 
10 

North  Wales 

Anglesea        .... 

2,005,000,000 
5,000,000 

-1,986,229,498 

Mr.  Elliot    .        .        .    . 

11 

Nortli  Staffordshire    . 

8,825,488,105 

8,784,377,741 

Mr.  Dickinson 

v.{ 

Lancashire  and  > 
Cheshire    .    )   * 

5,546,000,000 

( 5.270,686,699 
\     192,104,295 

Mr.  Woodhouse  .        .    . 

13 

MidUnd       .... 

18,172,071,433 

17,928,908,710 

If           ... 

14 

Black  Burton         .        .    . 

70,964,011 

70,964,011 

Messrs.  Forsterand  Elliot 

15  { 

Durham  and  Northumber- ) 
land       .        .        .        f 

10,036,660,236 

9,784,261,887 

>> 

10 

Cumberland   .       .       .    . 
Scotland. 

405,203,792 

391,128,490 

Mr.  OeddcH 

17 

Edinbui^gh  .... 

2,158,708,360 

N 

f                           •                      •                      »             m 

18 

Lanarkshire   .       . 

2,044,090,216 

19 

Fifeshire     .... 

1,098,402,895 

20 

Ayrshire         .       .       .    . 

1,785,397,089 

21 

East  Lothian 

86,849,880 

22 

Frith  of  Forth               .    . 

1,800,000,000 

23 

Dumfriesshire     . 

358,173,995 

24 
25 

West  Lothian         .        .    . 
Pertlishire  .... 

127,621,800 
109,895,040 

-9,669,172,642 

26 

Stirlingshire  .... 

106,475,436 

27 

Clackmannanshire 

87,563,494 

28 

Dumbartonshire     .       .    . 

48.618,320 

29 

RenAiewshire 

25,881,285 

30 

Ai^Ioshire             ... 

7,223,120 

31 

Sutherlandshire  .     '  . 

3,500,000 

1                           •                                                •            • 

32 

Roxburghshire              .    . 

70,000 

) 

Ireland. 

Professor    Jukes*  aad\ 
Professor  Hull  .    .     ) 

83 

Ballyj^tle  (Antrim  Co.)    . 

16,000,000 

\ 

34 

Tyrone         .... 

6,300,000 

VI                                It        *        * 

35 

Leiuster  (Queen's  Co.)  .    . 

77,580,000 

-    154,384,079 

36 

Tipperary    .... 

25,000,000 

91                                  ■■        •         • 

37 

Munster  (Clare,  &c.)      .    . 

20,000,000 

38 

Connaught  .... 

Total    . 

10,800,000 

i 

90,207,285,398 

79,015,618,088 

The   details  of  coal  remaining  unwrought^  as  estimated  by 
Professor    Bamsay^    and    contained    under    the    second    head, 


*  The  estimate  of  the  quantity  of  coal  in  Ireland,  commenced  by  Profesaor  J.  B. 
Jokes,  F.R.S.,  was  on  the  decease  of  that  gentleman  completed  by  Professor  E. 
Hull,  F.B.S.,  author  of  *'  The  Ckial  Fields  of  Qreat  Britain/* 
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under  Permian  and  other  overlying  formations,   amounting  to 
66,273,000,000  tons,  is  as  follows  :  *— 


IMjitrictx. 


Under. 


Square 
Miles. 


Warwickshiie .        .        .        • 

Warwickshire,  south  of  Kiugsbury 

Warwickshire,  north  of  Atherstone. 

Leicestershire,  Moria  District . 

Leicestershire,  Coleorton  District 

District  between  the  Warwickshire 
and  South  Stafltordshire  Coal- 
field       ...•'• 

District  between  South  Stafford- 
shire and  Shropshiie  Coal-fields 

Between  the  South  Staffordshire 
and  Coalbrookdale  Coal-fields, 
to  the  Cheadle  and  North  Staf- 
fordshire Coal-fields 

East  of  the  Denbighshire  Coal-field. 

West  and  South- West  Boi-der  of 
the  North  Staffordshire  Coal-field 

Cheshire,  West  of  the  Kerndge 

Cheshire,  between  Woodford  Fault 
and  Denton     .... 

Lancashire,  East  and  West  of 
Manchester. 

Lancashire,  West  of  Ecdes  and 
Stretford,  to  Prescott,  E^com, 
and  Hale-on-the-Mersey 

The  Wirrell,  the  Mersey,  and 
country  to  the  North  . 

Yorkshire,  Derbyshire,  and  Not- 
tinghamshire • 


Permian'  73 
New  Red  5 
6 
Permian 
New  Red 
Permian 

and 
New  Red 


Yale  of  Eden      . 
Ingleton  and  Burton 

Seyem  Yalley 

Scotland . 

Ireland,  Tyrone . 


»» 

>> 
>» 

»» 
If 

New  Red 

Permian 

and 
New  Red 

>> 

I) 

New  Red 

Marl 

Permian 

New  Red 

Marl 


15 

25  to  28 

116 


} 


195 

200 

50 

50 

9 

36 

30 
130 
216 

900 

40 
3 

45 

t 
4 


Total  of  concealed  coal-fields  . 


Tons. 


2,165,000,000 
150,000,000 
179,000,000 

1,000,000,000 
790,000,000 

3,400,000,000 
5,800,000,000 


4,580,000,000 

2,489,000,000 

1,500,000,000 

62,000,000 

1,790,000,000 

350,000,000 
3,883,000,000 
3,000,000,000 

23,082,000,000 

1,593,000,000 
33,000,000 

400,000,000 

t 
27,000,000 


66,273,000,000 


*  **  Coal  Commission  Report,"  VoL  L,  p.  xi. 
t  No  estimate. 
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INTRODUCTORY    CHAPTER. 

THE  MINBRALOGICAL  CHARACTERS  OF  THE  PRINCIPAL  IRON  ORBS. 

By  frank  RUTLEY,  Esq.,  F.G.S. 

Thr  principal  ores  of  iron  are  oxides  and  carbonates,  which  fre- 
quently contain  yarious  imparities ;  the  carbonates  especially  being 
often  rendered  impure  by  a  large  admixture  of  argillaceous  matter. 

Pai*e  metallic  iron  is  very  seldom  found,  except  in  meteorites, 
and  must  be  regarded  as  a  mineralogical  rarity. 

Arsenic  is  derived  from  mispickel,  the  bisulphide  and  arsenide 
of  iron,  and  sulphur  is  sometimes  procured  from  pyrites,  although 
native  sulphur  is  the  principal  source  of  supply.  Alum  is  also 
manufactured  from  pyritous  shales,  the  pyrites  by  its  decomposi- 
tion  and  oxidation  giving  rise  to  sulphuric  acid,  which  acts  upon 
the  shales  and,  with  the  addition  of  potash  compounds,  results  in 
the  formation  of  hydrous  sulphate  of  alumina  and  potash. 

The  following  ores,  which  are  useful  to  the  iron-smelter,  are 
here  briefly  described  ;— 

Oxides. 
Magnetite,  Hematite,  Lixnonite,  Gdthite. 

OarbofuUea, 
Spaihoae  Iron  Ore  or  Chalybite,  Clay  Ironstones. 

Xagnetita  (FCgO^). — ^Approximate  composition,  Peroxide  of 
Iron  =  69,  Protoxide  of  Iron  =  81.  The  iron  is  sometimes  partly 
replaced  by  a  little  magnesium  or  titanium.  It  crystallizes  in 
the  cubic  system,  commonly  in  the  form  of  the  octahedron  or  of 
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the  rhombic  dodecahedron.  The  cleavage  is  parallel  to  faces  of 
the  octahedron.  It  is  also  found  in  granular  and  massive  con- 
ditions, and  occasionally  in  the  form  of  sand,  in  which  case  it  is 
readily  separated  from  foreign  admixtures  by  means  of  magnets. 

Magnetite  is  iron-black  in  colour  and  opaque.  Its  lustre  is 
metallic  or  sub-metallic.  The  streak  is  black ;  the  fracture  sub- 
conchoidal ;  the  hardness,  5'5  to  6*5  of  Moh's  scale,  and  the 
specific  gravity,  4*9  to  5*2.  It  is  strongly  magnetic,  and  frequently 
shows  polarity,  but  loses  its  magnetic  properties  when  heated  in 
the  oxidising  flame  of  the  blow-pipe. 

Magnetite  is  very  difficultly  fusible  before  the  blow-pipe.  With 
borax,  in  the  oxidising  flame,  the  bead  is  yellow  when  hot  and 
colourless  when  cold.  The  addition  of  considerably  more  of  the 
powdered  mineral  renders  the  bead  red  when  hot  and  yellow  when 
cold.  In  the  reducing  flame  the  bead  becomes  green  (the  colour 
of  ordinary  bottle  glass). 

Magnetite  is  soluble  in  hydrochloric  acid.  It  becomes  reduced  by 
the  action  of  organic  matter  to  the  condition  of  protoxide,  which  may 
be  converted  into  the  carbonate  (Chalybite  or  Siderite).  Further 
oxidation  of  magnetite  results  in  the  formation  of  hematite,  the 
sesquioxide,  which,  in  its  hydrated  condition,  constitutes  limonite. 

Hematite,  Sesquioxide  of  Iron  (Fe^O  3).  Oxygen  =  30,  Iron 
=  70  per  cent — Titanium  and  magnesium  sometimes  replace  part 
of  the  iron.  Hematite  occurs  in  massive,  granular,  columnar, 
stalactitic,  reniform  {'^Kidney  ore**),  micaceous  and  earthy 
(Reddle)  conditions.  It  also  occurs  crystallised  (Specular  iron) 
in  the  rhombohedral  system,  commonly  in  modified  rhombo- 
hedrons.  The  cleavage  is  parallel  to  faces  of  the  rhombohedron 
and  to  the  basal  plane,  but  is  frequently  indistinct.  Hematite  is, 
under  ordinary  conditions,  opaque  and  dark  steel-grey  or  iron- 
black,  but  in  very  thin  scales  or  crystals  it  appears  blood-red  to 
orange-red  by  transmitted  light.  This  may  be  well  seen  in  the 
microscopic  crystals  which  occur  so  plentifully  in  the  Camallite 
of  Stassfurth.  The  fracture  is  sub-conchoidal  or  uneven,  and  the 
streak  is  cherry-red.  The  lustre  is  metallic  and  sometimes  splen- 
dent, as  in  the  specular  varieties ;  but  the  impure  and  ochreous 
conditions  have  a  dull  or  earthy  appearance.  The  hardness  ranges 
from  5*5  to  6*5,  and  the  specific  gravity  from  4*2  to  5*8. 

It  is  sometimes  attractable  by  the  magnet  and  at  times  shows 
magnetic  polarity.  Hematite  occasionally  contains  a  considerable 
admixture  of  argillaceous  or  siliceous  impurities. 
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Before  the  blow-pipe  it  is  infdsible.  When  heated  on  charcoal 
in  the  redacing  flame  it  becomes  magnetic.  In  the  borax  bead 
it  behaves  like  magnetite.  It  is  soluble  in  strong  hydrochloric 
acid. 

Zdmonite. — ^Hydrous  Sesquioxide  of  Iron,  having  the  formula 
2  Fe^Oj,  8  H,0. — ^It  occurs  in  stalactitic  and  mammillated 
forms  with  a  radiating  fibrous  structure  like  that  of  the  reniform 
varieties  of  hematite.  It  is  usually  of  a  brown  colour,  sometimes 
yellowish-brown,  and  has  a  rather  dull  sub-metallic  or  silky 
lustre,  often  with  a  shiny  black  coating.  It  is  also  met  with 
in  an  earthy  and  porous  condition,  called  bog-iron-ore  or  morass- 
ore,  from  its  occurrence  in  swamps,  and  it  is  occasionally  pisolitic 
in  structure  (pea-iron-ore).  The  earthy  varieties  also  constitute 
brown  and  yellow  ochres,  which  are  employed  as  pigments. 
Impure  argillaceous  varieties  are  known  as  clay-ironstone,  a  name 
also  used  to  designate  the  impure  argillaceous  varieties  of  chaly- 
bite,  siderite  or  spathose  iron. 

Limonite  may  be  distinguished  from  hematite  by  giving  a 
yellowish-brown  streak.  The  hardness  of  limonite  is  5  to  6"6, 
and  the  specific  gravity  3*6  to  4.  It  affords  the  usual  iron  re- 
actions before  the  blow-pipe,  and  yields  water  when  heated. 
Limonite  is  often  associated  with  manganese  ores. 

Oothite. — Hydrous  Sesquioxide  of  Iron,  having  the  formula 
Fe^Og,  HgOg. — ^It  frequently  contains  some  silica  and  man- 
ganese, and  occasionally  traces  of  phosphorus.  The  water 
usually  amounts  to  about  10  or  11  per  cent.  It  crystallizes  in 
the  rhombic  system,  generally  in  right  rhombic  prisms  longitu- 
dinally striated  and  often  tabular  in  form.  It  is  likewise  met 
with  in  fibrous,  reniform,  stalactitic,  and  earthy  conditions.  It  is 
blackish-brown,  yellowish  or  reddish  in  colour.  The  streak  is 
brownish  yellow,  and  the  lustre  adamantine.  Gothite  has  a 
hardness  of  6  to  6*5,  and  its  specific  gravity  ranges  from  4  to  4*4. 
It  is  often  associated  with  limonite  and  hematite.  Heated  in  the 
closed  tube  gothite  gives  off  water  and  is  converted  into  red 
sesquioxide.  With  the  fluxes  it  affords  the  usual  iron,  and  some- 
times the  manganese  reaction.  It  is  soluble  in  hydrochloric 
acid. 

FranUinite. — ^A  Sesquioxide  of  Iron  and  Manganese,  with  over 
11  per  cent,  of  oxide  of  zinc,  is  an  important  iron  ore  in  America, 
but  has  not  been  met  with  in  Great  Britain. 
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Spatkosa  Iron  Ore  (Chalybite^  Siderite). — Carbonate  of  Iron 
(Fe  CO3). — Often  with  a  little  lime,  magnesia  and  manganese. 
Crystallizes  in  the  rhombohedral  system,  the  common  form  being 
the  rhombohedon,  the  faces  of  which  often  show  a  well-marked 
curvature,  similar  to  that  seen  in  crystals  of  pearlspar  and  dolo- 
mite, in  which  minerals  the  isomorphous  substances,  lime  and 
magnesia,  take  the  place  of  the  peroxide  of  iron.  Spathose  iron 
ore  also  occurs  in  massive  and  crystalline-granular  conditions,  as 
in  the  ore  from  the  Brendon  Hills  and  Tintagel.  Its  colour  is 
pale  brown  or  yellowish,  sometimes  brownish-red  and  brownish- 
black.  It  is  generally  opaque,  but  occasionally  crystals  are  trans- 
lucent. It  is  brittle  and  the  fracture  is  uneven,  but  it  often 
breaks  up  along  well-marked  cleavage  planes,  which  coincide  with 
the  faces  of  the  rhombohedron.  The  lustre  is  pearly,  sometimes 
vitreous.  The  hardness  is  8*5  to  4*5,  and  the  specific  gravity, 
8*7  to  8*9.  Before  the  blow-pipe,  alone,  it  blackens  and  becomes 
magnetic,  and  with  the  fluxes  affords  the  usual  iron  reactions. 
In  hot  acids  it  effervesces  rapidly,  but  is  only  slowly  affected  by 
them  in  the  cold. 

Clay  Ironstone  is  an  impure  massive  variety  of  the  pre- 
ceding mineral  and,  as  its  name  implies,  contains  a  considerable 
admixture  of  argillaceous  matter.  In  the  coal  measures  it 
occurs  in  bands,  usually  of  a  dark  brownish  or  blackish  colour, 
containing  carbonaceous  matter,  and  known  as  "black  band,'^ 
and  also  in  nodules  of  spherical  or  lenticular  form ;  frequently 
with  rusty  surfaces,  and  with  a  concentrically-zoned  structure ; 
while,  at  times,  a  curious  structure,  known  as  "  cone  in  cone,"  is 
developed,  in  which  case  the  block,  when  broken,  reveals  more  or 
less  regular  cones  lying  side  by  side,  their  apices  directed  towards 
the  same  point  and  their  surfaces  marked  by  irregular  transverse 
corrugations,  and  these  cones  contain  other  smaller  ones,  which 
may  easily  be  detached  or  picked  out  when  loosened  by  a  blow. 
The  clay  ironstone  of  the  Middle  Lias  commonly  shows  a  fine 
oolitic  structure,  and  in  the  Cleveland  district  constitutes  a 
valuable  ore,  which,  however,  sometimes  contains  siliceous  im- 
purities. The  pisoUtic  iron  ore  of  Bosedale  in  Yorkshire  consists 
in  great  part  of  carbonate  of  iron,  but  also  contains  a  considerable 
amount  of  the  magnetic  oxide. 

The  titaniferous  iron  ores,  although  worked  in  other  countries 
do  not  occur  in  the  British  Isles  in  sufficiently  large  deposits  to 
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render  them  a  matter  of  commercial  interest.  Titaniferous  iron 
is  of  frequent  occurrence  as  a  constituent  of  many  of  our  eruptive 
rocks,  but  it  is  disseminated  through  them  in  such  minute  crystals 
and  grains  that  it  needs  no  further  mention  in  this  work,  and  the 
same  may  be  said  of  the  microscopic  crystals  of  magnetite  which 
occur  under  similar  conditions. 
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DURHAM   AND   NORTHUMBERLAND    IRON   INDUSTRIES. 

Ironstone  of  the  Coal  measnres  and  analyses — Iron-ores  of  the  Carboniferons 
Limestone  and  analyses — Production  of  Iron  ore — Population  employed  in 
Iron  Mining — Pig  iron  manufacture,  early  history — Production  of  Durham 
and  Northumberland — Malleable  Iron  Works — Coal  and  Iron  Ore  used  in  Pig 
iron  manufacture — Quantities  of  Iron  ore  employed  and  Sources  of  Supply. 

Ironstone  of  the  Coal  Measures  and  Analjrses. — The  coal 
measures  yield  two  kinds  of  ironstone  known  as  "  Clay  Band  '* 
and  ''  Black  Band/'  the  former  is  an  argillaceous  carbonate  of 
iron  generally  occurring  in  nodular  masses ;  the  latter  term  is 
applied  to  bands  of  carbonaceous  matter,  largely  mixed  with 
carbonate  of  iron.  Formerly,  the  first-named  variety  furnished 
nine-tenths  of  the  iron  produced  in  Great  Britain ;  it  does  not, 
however,  exist  abundantly  in  the  Great  Northern,  or  Lancashire 
and  Cumberland  coal-fields.  At  present  the  Clay  Bands  and 
Black  Bands  furnish  one-fourth  of  the  annual  produce  of  the 
pig-iron  of  the  kingdom.  The  coal-fields  in  which  they  are  ex- 
tensively worked  being  Shropshire,  Derbyshire,  Yorkshire,  North 
and  South  Staffordshire,  South  Wales,  and  Scotland,  the  iron- 
stone being  found  in  irregular  nodules,  interspersed  through  the 
clays  and  shales  of  the  coal  measures,  and  being  often  worked  in 
conjunction  with  coal  seams  in  the  same  pits. 

Ironstone  has  been  worked  from  time  to  time,  though  in  in- 
considerable quantities,  in  the  Wear  district ;  occurring  in  a  con- 
tinuous band  above  the  seam  of  coal  known  as  the  High  Main, 
and  separated  fi'om  it  by  a  distance  of  18  inches.  This  iron- 
stone measure  is  4^  inches  thick,  and  was  formerly  worked  on 
Waldridge  Fell  for  the  Whitehill  ironworks,  and  subsequently 
at  Urpeth  and  its  vicinity  for  the  blast  furnaces  at  Birtley,  long 
since  dismantled.  At  Wylam,  upwards  of  forty  years  since, 
ironstone  of  very  fair  quality  was  obtained,  yielding  from 
35  to  87  per  cent  of  metallic  iron,  and  at  that  time  said  to 
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cost  llir.  Qd,  per  ton.  This  measure  has  a  thickness  of  10^  inches, 
contained  in  four  bands  occurring  in  a  section  of  four  feet. 
Another  measure  is  stated  to  have  cost  7s«  &d*  per  ton  for 
working ;  the  ironstone  yielding  an  average  of  80  per  cent,  of 
metallic  iron. 

At  Shotley  Bridge,  again,  on  the  western  edge  of  the  coal-field, 
and  consequently  low  down  in  the  series,  is  a  deposit  of  iron- 
stone which  has  been  far  more  extensively  worked  than  any  other 
seams  found  in  the  coal  measures.  According  to  a  description 
given  by  the  late  Mr.  William  Cargill,  in  a  working  having  a 
section  of  about  7  feet  in  height,  from  12  to  15  inches  of  stone 
were  obtained  from  six  or  seven  bands,  the  ironstone  costing 
from  7  to  8  shillings  per  ton.  At  a  depth  of  4^  fathoms  below 
it  and  lying  above  20  inches  of  coal,  is  a  bed  of  shale  about  8  feet 
thick,  containing  from  6  to  7  inches  of  ironstone.  The  total 
yield  of  these  two  seams  contained  in  an  acre  of  ground  has  been 
estimated  at  5,824  tons.  At  Stiddle  Moor,  near  Bellingham,  and 
at  Bidsdale,  ironstone,  in  the  carboniferous  limestone  series,  as 
well  as  in  a  few  other  localities  (as  at  Brinkbum  and  Bothbury), 
has  been  wrought  in  recent  years.  The  quantities  obtained  are, 
however,  unimportant,  not  exceeding  5,000  tons  per  annum. 
Clay  ironstone  in  smaller  quantities  occur  frequently  in  the  shales 
of  Uxe  carboniferous  limestone  series  of  Northumberland ;  and  at 
numerous  places  over  the  western  moorlands  there  are  slag  heaps 
showing  the  sites  of  ancient  furnaces.  These  are  of  very  ancient 
date,  some  of  them  being  believed  to  be  Boman,  charcoal  being 
the  fuel  with  which  the  ore  was  smelted.  In  a  general  sense,  as 
has  been  already  stated,  the  argillaceous  ironstone  of  the  coal 
measures  in  the  Great  Northern  Coal-field  contributes  in  a  Yery 
small  degree  at  the  present  time  to  the  requirements  of  the  74 
blast  furnaces  built  in  Durham  and  Northumberland,  many  of 
which  have  a  height  exceeding  100  feet,  and  of  immense  capacity, 
producing  annually,  when  in  full  work,  from  15  to  16  thousand 
tons  of  pig-iron,  and  sometimes  even  more. 

The  measures  of  ironstone  existing  in  this  coal-field  are  few 
and  limited  in  extent.  One  of  the  many  advantages  possessed 
by  Great  Britain  in  the  manufacture  of  iron  arises  from  the 
number  and  variety  of  argillaceous  and  black  band  ironstones, 
which  alternate  with  the  beds  of  coal  in  many  of  its  coal-fields, 
and,  in  consequence  of  which,  the  same  localities,  and,  in  many 
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instances,  the  same  mineral  working,  frequently  furnish  both  the 
ore  and  the  fuel  required  to  smelt  it.  These  conditions  as  regards 
clay  ironstone  in  the  Durham  and  Northumberland  coal-field  do 
not  exist,  inasmuch  as  in  this  coal-field  these  measures  of  iron- 
stone are  almost  absent ;  the  same  may  be  said  of  Lancashire, 
while  in  the  coal-fields  of  Scotland,  Yorkshire,  Derbyshire,  North 
and  South  Staffordshire,  North  and  South  Wales,  and  Shrop- 
shire, the  ironstone  measures  are  numerous,  and  afford  an 
abundant  supply  of  ironstone. 

The  yield  of  ironstone  varies  according  to  the  thickness  and 
regularity  of  the  beds,  and  the  regularity  with  which  the  nodules 
of  ironstone  are  disseminated. 

The  ironstone  of  Ridsdale,  Hareshaw,  and  from  Consett,  near 
Shotley  Bridge,  in  the  coal  measures,  previously  referred  to, 
have  been  examined  by  Dr.  Bichardson,  with  the  following 
results : — 


Ck)n8titiientA« 

RidadalA. 

Hnreshaw. 

SlioUey  Bridge. 

Iron 

Lime  and  magnesia             .    . 

Clay 

Loss  by  heat       .        .        .    . 

34-86 

9-00 

14  00 

31-02 

36-51 

11-90 

7-15 

34-07 

36-68 

4-65 

15-05 

31-91 

It  would  appear  that  the   samples    from  which   the  above 

analyses  were  made,  were  perfectly  clean  and  free  from  adhering 

shale,  which  will  account  for  the  difference  of  metal  between  the 

analyses  and  the  actual  yield  in  the  furnace,  which  did  not  exceed 

26  per  cent. 

Iron  Ores  of  the  Carboniferous  Zdmestone,  and   Analyies. 

— In  Alston  Moor,  many  of  the  mineral  veins  traversing  the 
limestone  contain  a  considerable  quantity  of  a  hydrated  per- 
oxide of  iron,  as  well  as  amorphous  carbonate  of  iron.  These 
ores  were  formerly  worked  to  a  limited  extent  at  Nent  Head 
by  the  Messrs.  Bell  Brothers,  and  smelted  at  their  works  at 
Wylam.  The  iron  obtained  from  these,  as  well  as  from  similar 
ores  of  the  same  district,  was  of  excellent  quality ;  but  unfortu- 
nately the  supplies  were  too  uncertain  and  the  working  too  costly. 
The  ore  in  the  veins  themselv^es  was  at  one  time  a  tolerably  pure 
carbonate,  yielding,  perhaps,  80  per  cent,  or  more  of  iron,  but 
it  gradually  passed  into  carbonate  of  lime  from  which  it  was  with 
difficulty  distinguished.    In  the  lead-mining  district  of  Allen- 
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heads,  spany  iron  ores  occur,  both  in  the  regular  lodes  and  in 
the  flats  which  insinuate  themselves  from  them  laterally  into  the 
limestone.  ''Adjoining  Weardale  this  character  is  still  more  pro- 
nounced, and  in  the  neighbourhood  of  Stanhope  Bum  the  veins 
are  so  *  ridered ' — so  charged  with  the  ore — that  at  a  spot  where 
several  of  them  occur  in  close  proximity,  and  interlacing  *  strings  * 
additionally  enrich  the  ground.  The  whole  surface  has  been  re- 
moved from  a  large  area  by  the  Weardale  Iron  Company,  and  the 
rock  absolutely  quarried  away,  a  considerable  amount  of  lead  ore 
being  separated  during  the  operation."  *  The  ores  rpised  by  the 
above-named  company  are  smelted  at  the  Tow  Law  Iron  Works, 
near  Darlington.  The  following  table  gives  the  production  and 
value  of  the  Spathose  ore  raised  in  the  Weardale  district  since 
the  year  1870,  the  average  price  during  the  past  few  years  being 
estimated  at  12«.  per  ton : — 


Year. 

Ore. 

Value. 

Torn). 

£ 

1870 

100,332 

25,083 

1871 

88,449 

22,112 

1872 

97,953 

36,730 

1873 

99,393 

39,813 

1874 

85,491 

51,388 

1875 

34,828 

21,626 

1876 

24,202 

14,521 

1877 

51,344 

30,806 

1878 

35,619 

21,371 

1879 

16,679 

10,007 

1880 

41,357 

24,814 

llie  ore  is  wrought  in  open  quarry  workings  as  well  as  mined 
in  underground  levels,  and  includes  in  these  quantities  some 
siliceous  hematite. 

Analyses  of  these  ores.  In  the  Iron  Ores  of  Great  Britain  t 
appears  the  following,  giving  the  composition  of  the  Weardale 
ore.  The  first,  firom  "  West  Level,"  made  by  Mr.  John  Spiller, 
is  thus  described : — 

**  An  altered  Spathose  ore,  in  which  the  p^reater  part  of  the 
carbonate  of  iron  has  been  converted  into  hydrated  peroxide, 
which  in  many  places  still  shows  the  structm*e  of  the  original  ore. 
The  portions  which  are  undecomposed  occur  in  irregular  nodular- 
like  form,  of  a  pale  brownish-grey  colour ;  these  are  surrounded 

♦  **  Iron  Ores  of  Great  Britain,"  Part  I.,  p.  19.  .    +  Ibid,  p.  66. 
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by  a  mass  varying  from  crystaUine  to  earthy,  of  which  the  colour 
is  from  a  snuflf-brown  to  a  dark  purplish-brown.  The  streak 
varies  with  the  colour  from  yellowish  to  reddish-brown. . 

^*  A  small  quantity  of  fluor  spar  was  attached  to  one  side  of  the 
specimen,  but  was  not  included  in  the  portion  selected  for 
analysis." 

Results  Tabulated. 

Peroxide  of  iron 49*50 

Protoxide  of  iron 10-77 

Protoxide  of  manganese 3*06 

Alumina 0-43 

Lime   .        • 5*68 

Magnesia 1'20 

SiUca 0-29 

Carbonic  add 14*49 

Phosphoric  add 0*01 

Snpharic  acid trace 

Bisulphide  of  iron 0*03 

Water  hygroscopic 1*81 

,,      in  combination 6*63 

Organic  matter trace 

In»>luble  residue 6*90 

100*80 

- 

Insoluble  Besidue. 

Sflica 6*35 

Alumina -  0*41 

Peroxide  of  iron 0*07 

lime 001 

Magnesia 0*01 

Potash        • 0-06 

6-90 


The  total  amount  of  metallic  iron  contained  in  this  ore  amounts 
to  43*02  per  cent.  A  trace  of  lead  was  found  in  400  grains  of 
the  ore. 

Another  variety  of  Weardale  ore  from  the  Eispey  vein  near 
Bookhope  is  thus  described  by  Mr.  A.  Dick  : — "  Spathose  ore: 
easily  scratched  by  the  file ;  lustre^  semi-vitreous ;  colour, 
yellowish  grey ;  streak,  white  ,*  fracture,  crystalline.  Some 
portions  are  much  darker  than  others.  When  a  mass  of  the  ore 
is  digested  in  hydrocholoric  acid  till  all  carbonates  are  dissolved, 
there  remains  a  skeleton  of  quartz,  having  the  shape  and  size  of 
the  original  mass,  containing  casts  of  the  crystals  which  have 
been  dissolved.     The  dark-coloured  parts  of  the  ore  leave  a  dark 
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skeleton,  which,  when  exposed  to  the  vapour  of  hydrofluoric  acid 
till  all  silica  is  removed,  leaves  a  small  amount  of  matter,  having 
a  dark  grey  colour.  When  this  is  washed  with  hydrochloric  acid 
and  water,  there  remains  a  very  small  amount  of  black  matter, 
which  bums  when  heated  in  the  air,  and  leaves  no  residue.  It  is 
therefore  carbonaceous  matter." 

Results  Tabulated— Ore  Dbied  above  100®  C. 

Protoxide  of  iron         . 49*47 

Protoxide  of  manganese 2*42 

Alumina trace 

Lime .  3*47 

Maffnesia 3*15 

Carbonic  add 37*71 

Phosphoric  add trace 

SiUca 1*20 

Sulphmic  acid trace 

Bisulphide  of  iron 0*08 

Organic  matter trace 

Insoluble  matter 3*77 


101*27 


The  insoluble  residue  contained  of  silica  8*78  per  cent.,  and  of 
alumina  containing  a  trace  of  iron  0'06  per  cent ;  the  iron  con- 
tained in  the  ore  being  equivalent  to  88*66.  In  a  note  appended 
to  the  analysis  it  is  stated  that  no  metal  precipitable  by  sul- 
phuretted hydrogen  from  the  hydrochloric  acid  solution  of  1,000 
grains  of  ore  was  detected. 

Porsoiui  employed  in  Zron-miiiiiig  in  Durham. — Iron-mining 
has  been  chiefly  confined  to  the  district  of  Weardale,  where  a 
spathose  and  siUceous  variety  of  hematite  has  long  been  wrought* 
The  number  of  persons  employed  in  1854  amounted  to  610« 
The  quantity  of  ore  raised  at  that  time  has  not  been  recorded* 
In  recent  years  the  Beports  of  Her  Majesty's  Inspectors  of  Minea 
afford  the  necessary  data,  showing  the  numbers  employed  under 
and  above  ground,  with  the  quantity  of  iron  ore  raised.  These 
returns,  it  should  be  explained,  only  include  those  mines  coming 
under  the  operation  of  the  **  Mines  Eegulation  Act,  1872  and 
1875,"  and  do  not  include  those  workings  above  ground.  The 
total  output  of  the  iron-mines  of  the  county  has  already  appeared 
nnder  production  of  iron  ore  : — * 

*  Reporta  of  H.M.  Inspectors  of  Minos. 
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Year. 

PERSONS  EMPLOYED. 

Total. 

IroB  Ore  Raised. 

AveniRe 
Xjer  Man. 

Under 
Ground. 

Above 
Groand. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 

266 

224 

195 

93 

118 

99 

63 

96 

Nos. 

47 
39 
29 
14 
21 
17 
10 
9 

Nob. 
313 
263 
224 
107 
139 
116 
73 
105 

Tons. 
55,981 
54,660 
45,317 
14,961 
1       31,858 
19,204 
8,508 
24,439 

Tons. 
178 

207 
202 
140 
229 
166 
116 
232 

Pig  Iron  Maanfkcture. — ^In  the  Report  of  the  British  Asso- 
ciation for  the  year  1863,  at  the  Newcastle-upon-T}Tie  meeting, 
among  the  many  interesting  papers,  appears  one  by  Mr.  Isaac 
Lowthiim  Bell,  who  gives  a  historical  account  of  the  manufacture 
of  pig  iron  in  the  north  of  England,  from  which  many  of  the 
following  facts  have  been  draiKH. 

Notwithstanding  the  varied  character  of  the  different  ores  of 
the  district  under  review,  and  the  want  of  indication  of  metallic 
contents  of  some,  the  propert}^  that  even  these  have  of  "  rusting  " 
•on  exposure  to  air  and  moisture  appears  to  have  made  known  the 
existence  of  all  at  a  verj'  eai'ly  period  of  our  history.  The  labours 
of  Hodgson,  Wallis,  and  others,  leave  little  doubt  that  the 
smelting  or  reduction  of  iron  ore  was  carried  on  to  a  considerable 
extent  in  this  part  of  the  country  during  its  occupation  by  the 
Komans.  Vast  heaps  of  iron  scoriie  may  be  seen  on  the  moors 
in  the  parishes  of  Lanchester  and  Ghester-le-Street,  in  the  county 
of  Durham,  and  in  the  valleys  of  the  E-eed  and  the  Tyne  on  the 
mountain  limestone  in  Northumberland.  It  is  remarkable  that 
none  of  these  are  very  remote  from  one  or  other  of  the  Boman 
stations  which  are  scattered  over  these  two  counties. 

Hitherto  all  these  smelting  operations  have  reference  to  the 
small  bloomery  or  hearth,  in  which  a  little  ore  was  smelted 
by  the  use  of  charcoal,  the  fire  being  urged  by  the  wind  in  ex- 
posed situations,  or  subsequently  by  rude  bellows,  that  a  ''bloom  ** 
of  malleable  iron  was  obtained.  The  German  colony  of  ii*on- 
workers  at  Shotley  Bridge  was  established  in  the  reign  of 
William  III.,  and  at  some  time  or  other  afterwards,  a  small  high 
blast  furnace,  five  or  six  feet  in  the  boshes,  was  erected,  the 
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remains  of  which,  according  to  reliable  information,  are  still 
visible.  Wallis,  in  his  History  of  Northumberland,  published  in 
1769,  mentions  an  iron  work  which  existed  some  years  previously 
at  Lee  HaU,  near  Bellingham,  under  the  management  of  a  Mr. 
Wood,  who  made  a  good  deal  of  bar  iron,  but  charcoal  becoming 
scarce,  he  removed  to  Lancashire.  Although  bar  iron  only  is 
mentioned,  there  is  no  doubt  from  the  remains  existing,  that  pig 
iron  was  also  produced  here.  Charcoal  iron  was  also  smelted 
from  some  of  the  bands  of  clay  ironstone  at  Bedlington,  where 
the  old  calcining  kilns  were  until  recently  visible.  No  iron,  how- 
ever, has,  as  far  as  can  be  ascertained,  been  made  there  for  more 
than  a  century. 

The  inroads  which  iron-smelting  and  other  metallurgical 
operations,  &c.,  had  made  upon  the  forests  were  such,  that  in 
the  reign  of  Queen  Elizabeth  four  Acts  of  Parliament  were 
passed,  to  restrict  the  consumption  of  timber  in  the  manufacture 
of  iron. 

Towards  the  close  of  the  last  century,  Mr.  J.  Cookson,  who 
had  recently  purchased  the  Whitehill  Estate,  near  Chester-le- 
Street,  was  the  first  to  erect  and  work  a  blastfurnace  in  the  North 
of  England  with  coal  previously  coked.  The  Whitehill  furnace 
was  85  feet  high,  12  feet  across  the  boshes,  and  produced  26  tons 
of  iron  per  week.  The  blast  was  supplied  by  a  bellows  worked 
by  a  water-wheel  placed  on  Chester  Bum.  The  iron  made  at  the 
Whitehill  furnace  was  used  for  colliery  castings  and  Government 
ordnance.  Frequent  interruptions  through  want  of  water  to  drive 
the  wheel  led  at  length  to  the  furnace  being  ^'gobbed"*  and 
ultimately  abandoned  about  the  close  of  the  last  centur}\ 

Whatever  advantages  in  point  of  materials  any  district  might 
be  possessed  of,  its  power  for  turning  them  to  profitable  account 
depended*  at  that  time,  on  the  existence  of  a  fall  of  water 
sufficient  to  drive  the  necessary  blowing  apparatus.  The  dis- 
coveries of  Watt  prevented  the  want  of  hydraulic  power  being 
any  longer  an  impediment,  and  in  a  short  time  the  obedient 
steam-engine  was  appointed  to  supply  the  necessary  blast  to  iron 
furnaces. 

Commencing  with  the  present  century :  in  the  year  1800  the 

*  **  Gobbed  **  or  **  Gobbing/'  a  term  in  Metallurgy,  the  stopping  of  the  blast 
f  amace  by  the  agglomeration  of  the  charge  within  it. 
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Tj^ne  Iron  Company  erected  two  blast  furnaces  at  Lemington  ia 
Northumberland  and  a  steam  blowing-engine  to  impel  the  blast. 
The  make  of  one  of  these  furnaces  in  1812  was  2,547  tons,  when 
cold  blast  alone  was  employed,  the  iron^one  used  being  obtained 
from  the  thin  bands  of  the  coal-measures  of  the  district. 

It  was  about  this  period  that  iron  works  were  established  at  New- 
bum,  some  five  miles  distant  from  Newcasde-upon-Tyne,  which 
in  recent  years  have  attained  considerable  importance.  These 
works,  now  known  as  the  Newbum  Steel  Works,  are  surrounded 
by  much  that  is  interesting :  originally  established  about  the  year 
1810  as  a  file  manufactory  by  the  father  of  the  present  pro- 
prietors, Messrs.  John  Spencer  and  Sons,  it  may  be  regarded  as 
one  of  the  oldest  works  in  the  North  of  England.  Some  of  the 
plant  put  down  at  the  period  referred  to  yet  remains,  and  is 
utilised ;  and  an  old  overshot  water-wheel  which  was  originally 
the  motive-power  used,  is  still  employed  in  turning  a  grinding- 
stone  in  the  modem  rolling-mill,  which  has  taken  the  place  of 
the  original  one.  This  firm,  at  an  early  period,  in  addition  to 
other  branches  of  industiy,  commenced  the  manufacture  of  steel 
by  the  cementation  process,  and  in  1876  they  went  largely  into 
the  manufacture  by  the  Siemens  and  Siemens  Martin  process. 
The  three  furnaces  at  present  in  operation  are  capable  of  pro- 
ducing 200  tons  of  steel  per  week,  white  two  crucible  furnaces  of 
24  pots  each,  equal  to  a  production  of  24  tons  per  week;  in 
addition  to  which  are  also  auxiliary  coke  crucibles  of  two  pots 
each.  This  firm  was  originally  the  sole  manufacturers  of  the 
volute  springs,  now  so  extensively  used  on  iiiilways  as  a  buflfer 
draw-spring,  and  still  enjoys  a  high  reputation. 

The  neighbourhood  of  Newbum  possesses  much  of  interest 
beyond  its  steel  works.  It  was  here  that  Stephenson  lived  for 
many  years ;  Locke  also  sprung  from  that  part,  as  did  also  the 
Hawthorns.  Close  alongside  Newbum  was  the  Wylam  wagon 
way,  which  was  the  first  plain  plate  railway  line  ever  laid  down. 
The  first  springs  for  railway  purposes  were  made  at  these  works, 
and  for  many  years  the  surrounding  firms  were  supplied  with 
them,  as  well  as  many  railways  throughout  the  country.  They 
were  invented  about  the  year  1847,  by  Mr.  Baillie,  also  of  New- 
castle, who  subsequently  went  out  to  Austria  as  chief  of  the  state 
railways.  At  the  period  referred  to  the  material  employed  was 
Swedish  iron,  but  with  the  introduction  of  the  Siemens  Martin 
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process,  a  few  years  since,  the  firm  were  no  longer  dependent  on 
other  sources  of  supply. 

The  Lemington  fuiiiaces  ahready  referred  to  produced  in  the 
year  1828  some  2,879  tons  of  pig  iron,  from  which  it  may  be 
inferred  that  both  furnaces  were  in  blast  but  a  part  of  the  year. 
In  the  year  1825,  iron  rose  in  value  to  the  unprecedented  price  of 
JE12  per  ton,  and,  a  few  years  later,  the  Messrs.  Perkins,  Hunt, 
and  Thompson,  who  were  extensively  engaged  in  coal-mining, 
erected  two  furnaces  at  Birtley,  in  Durham,  near  Chester-le- 
Street.  These  were  put  in  blast  in  the  year  1829,  and  in  the 
following  year  produced  8,080  tons,  the  make  of  the  Lemington 
furnaces  the  same  year  being  2,247  tons,  or  a  total  make  of  four 
furnaces  in  both  counties  of  5,827  tons.  In  the  year  1831  the 
hot-blast  was  introduced  into  the  works  at  Birtley,  and  in  1835 
to  those  at  Lemington,  where,  in  the  same  year,  was  made  4,390 
tons  of  iron,  the  cost  of  which,  taken  from  the  cost-book  of  the 
company,  was  as  follows  per  ton  of  iron : — 

£    8.      (L 

Ironstone 1  18     1^ 

Flux  (chalk) 027 

Coal  (5  or  6  tons) 0    7 

Labour,  &c. 0  14 

Sundries 0  14    2 

Total 3  16    1 

The  growing  demand  for  iron  about  this  period  was  such,  that 
the  ore  obtained  from  the  coal-measures  was  insufficient  to  meet 
the  requirements  of  the  iron  master,  and  attention  was  directed  to 
other  sources  of  supply;  these  were  found  at  Grosmont,  near 
AVhitby,  and  in  1836  a  cargo  of  this  stone  was  received  at  the 
works  at  Birtley.  Subsequently  attention  was  directed  to  the 
deposits  of  ironstone  occurring  in  the  mountain  limestone. 
Bidsdale  was  the  place  selected,  from  the  circumstance  that  coal 
•could  be  obtained  from  a  seam  from  2  feet  to  2^  feet  thick, 
situated  in  the  same  geological  formation.  Before  the  year  1839, 
the  Bidsdale  Company  put  their  first  furnace  in  blast,  increasing 
the  number  to  three  in  the  year  1841.  In  the  same  year  another 
company  sprung  up  at  Hareshaw,  working  the  same  beds  of  iron- 
stone and  coal,  and  commenced  operations  with  one  furnace,  subse- 
quently adding  two  to  the  number.  The  iron  produced  at  both  of 
the  above-named  works  was  of  a  good  qualit}'^ ;  but  the  distance 
of  the  works  from  railways  and  markets  added  so  considerably  to 


384  COAL  AND  IKON  INDUSTRIES.  [part  ii. 

the  cost  of  the  Iron  that  they  could  not  compete  with  other  works, 
and  after  a  few  yeai*s  both  works  were  closed  and  finally  dismantled. 

The  Wylam  furnace  was  put  in  blast  in  the  year  1886.  About 
the  year  1840,  Messrs.  Bigge,  Cargill,  Johnson,  and  others,  who 
had  purchased  from  the  projectors  of  the  Eidsdale  Works  that  con- 
cern, had  their  attention  directed  to  the  beds  of  ironstone  described 
as  lying  in  the  coal-measures  near  Shotley  Bridge.  A  pair  of 
furnaces  were  speedily  erected  and  put  in  blast ;  a  larger  company 
was  formed,  and  an  immense  establishment  constructed.  Twelve 
blast  furnaces  were  built,  large  rolling-mills,  and  all  the  neces- 
sary mines,  mining  villages^  &c.,  followed  in  rapid  succession. 
Until  the  year  1850,  the  furnaces  went  on  devouring  the  iron  ores 
found  in  the  neighbourhood  at  an  alarming  pace,  having  in  the 
meantime  made  extensive  trials  of  those  from  the  lead  v&ins  of 
Weardale.  In  the  year  1850,  the  discoveries,  in  Cleveland  promised 
relief  from  the  impending  famine,  and  in  a  very  short  time,  in 
spite  of  a  distance  of  about  60  miles,  the  ironstone  of  that  district, 
with  some  hematite  for  a  mixture,  entirely  superseded  the  iron- 
stone lying  adjacent  to  the  furnaces. 

The  Walker  Works  of  Messrs.  Losh,  Wilson  and  Bell,  estab- 
lished about  the.  year  1827  for  the  manufacture  of  bar  iron,  were 
enlarged  in  the  year  1842,  when  the  firm  extended  their  opera- 
tions by  the  erection  of  a  blast-furnace  for  producing  forge  pig 
by  smelting  their  mill  furnace  cinders  with  Whitby  ironstone, 
and  this  was  followed  by  a  second  furnace  in  the  year  1844. 
These  furnaces  were  the  first  ever  bmlt  for  smelting  the  recently 
discovered  ironstone  of  Whitby. 

About  the  year  1844,  the  Stanhope  furnace,  built  by  Mr. 
Cuthbert  Eippon,  was  put  in  blast,  and  five  others  were  erected 
at  Tow  Law  by  the  Weardale  Iron  Company,  for  smelting  the 
**  rider  ore  "  (carbonate  and  oxide  of  iron)  from  the  lead  veins. 
There  is  no  doubt  that  owing  to  the  extreme  irregularity  of 
this  kind  of  material,  immense  labour  and  expense  were  at  first 
incurred ;  and,  as  regards  the  quality  of  the  produce,  frequently 
with  very  unsatisfactory  results.  Better  acquaintance,  however, 
with  the  veins  and  their  contents  has  enabled  that  firm  to  produce 
iron  of  a  very  high  class ;  so  good,  indeed,  as  closely  to  resemble 
in  composition  and  quality  the  celebrated  German  iron.  For  bar 
iron  purposes  it  beai*s  a  high  name,  and  has,  like  its  prototype 
in  Germany,  been  found  well  adapted  for  the  manufacture  of  the 
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finer  kinds  of  steel ;  an  application,  as  is  well  known,  confined 
exclusively  to  the  purer  descriptions  of  metal. 

The  Witton  Park  Works  were  erected  in  the  year  1846,  in  the 
Auckland  district,  by  the  Messrs.  Bolckow  and  Yaughan  for 
smelting  ironstone  expected  to  be  obtained  in  that  vicinity. 
These  hopes  were  not,  however,  realised,  and  the  neighbourhood 
of  Whitby  was  resorted  to,  as  it  had  been  by  almost  every  furnace 
owner  in  the  North. 

To  render  available  the  bed  of  ironstone  occurring  in  the 
mountain  limestone,  furnaces  were  erected  at  Brinkbum,  and  also 
at  Haltwhistle;  but  after  some  experiments  both  works  were 
abandoned.  Again,  at  Bedlington,  two  furnaces  were  erected,  to 
smelt  the  same  ironstone  formerly  used  at  the  Charcoal  Works 
in  that  locality,  with  an  admixture  of  Yorkshire  stone,  mill  cinder, 
and  other  mateiials ;  but  these,  also,  were  only  a  short  time  in 
operation. 

The  following  list  will  show  the  works  existing  and  in  opera- 
tion in  the  year  1851  in  both  counties,  with  the  number  of 
furnaces  built  and  in  blast : — 

NOBTU  UMBEBLAITD. 


Works. 

Ownon. 

rURNACKS. 

Bailt 

In  Blast. 

Hareflhaw*    . 
Bidsdale*.        .        .     . 
Tyne  or  Lemington 
Walker      .... 
Witton  Park  . 
Wylam              ... 

Hareshaw  Iron  Co.   . 
Bidsdale  Iron  Co. .        .    . 
Tyne  Iron  Co.   . 
Losh,  Wilson,  &  Bell   .    . 
Bolckow  &  Yaughan. 
Bell  Brothers        .        .    . 

Total     . 

3 
3 
2 
2 
4 
1 

0 
0 
2 
2 
3 
1 

15 

8 

DimiiAM. 


Works. 

Owners. 

FURNACBS. 

Built. 

In  Blast. 

Birtley  .... 

Consett  and  Crookhall  . 

Stanhope* 

Towlaw     .... 

Birtley  Iron  Co. 
Derwent  Iron  Co. .        .    . 
Weardale  Iron  Co.    . 
Weardale  Iron  Co.        .    . 

Total     . 

3 

14 

1 

5 

1 

7 
1 
2 

23 

11 

*  These  iron  works  are  situated  in  the  Carhoniferous  limestone  District ;  the 
othen  on  the  Coal  measures. 
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In  the  year  ISSO,  as  previously  stated,  the  make  of  pig  iron 
in  the  above  counties  was  5,827  tons«  In  the  same  year  the  make 
of  pig  iron  in  England  and  Wales  was  615,917  tons,  the  yield  of 
833  furnaces ;  Scotland  in  the  same  year,  with  27  furnaces,  pro- 
ducmg  37,500  tons.  In  1839  the  five  furnaces  in  operation  in  the 
neighbourhood  of  Newcastle-upon-Tjrne  produced  13,000  tons, 
giving  an  average  yield  of  2,600  tons  per  furnace. 

About  the  years  1840  and  1841,  a  general  depression  of  trade 
came  about,  the  quotations  of  pig  iron  being  very  low,  and  prices 
xinremunerative.  Happily  this  state  of  things  was  of  brief  dura- 
tion, and  in  the  year  1844  was  succeeded  by  a  period  of  activity, 
when  a  great  expansion  of  the  railway  system  of  the  United 
Kingdom  took  place,  causing  a  large  demand  for  iron  of  all  kinds 
and  producing  better  prices.  The  demand  for  iron  continued, 
and  caused  inquiries  for  iron  ore  and  stone  to  meet  it ;  hence  the 
exploration  of  old  areas,  and  search  for  new  ones,  containing 
•deposits  of  ironstone,  resulting  many  years  later  in  the  discovery 
and  development  of  the  vast  fields  of  argillaceous  corbonates  of 
the  lias  in  the  North  Riding  of  Yorkshire,  and  the  hydrated 
peroxides  of  Northamptonshire  and  Lincolnshire.  The  first- 
named  district  having  since  greatly  supplemented  the  require- 
ments of  the  furnaces  of  Durham  and  Northumberland. 

During  the  years  from  1844  to  1847,  Parliament  sanctioned  the 
construction  of  9,379  miles  of  railway  in  the  United  Kingdom. 
With  this,  increased  activity  ensued  to  such  an  extent  that  in  the 
last-named  year  the  furnaces  of  these  two  northern  counties  pro- 
duced 99,840  tons  of  pig  iron,  the  details  of  which,  with  the  miake 
of  each  works,  appear  as  follows  : — 

NORTHUMBEBLAin). 


Works. 

rURXACES. 

Make  of  Pig-iron. 

Built. 

In  Blast. 

Hareshaw*  .... 
Ridsdalo*         .        .        .    . 

Tyne 

Walker 

Wylain 

Total    .... 

3 

3 
2 
2 

1 

2 
2 
2 
2 

1 

Tons. 

8,320 

8,320 

8,320 

8,320 

4,460 

11 

9 

37,440 

*  Furnaces  erected  in  Carboniferous  Limestone  District. 
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Works. 

rUBNAOB. 

Make  of  Pig  Iron. 

BoUt. 

Tn  Blast 

Birtloy 

Oonsett  and  Orookhall     .     . 
Stanhope*    .... 

Towlaw 

WittonPark 

Total    .... 

3 
14 

1 

3 
4 

2 

7 
1 
2 
3 

Tons. 

8,320 
29,120 

4,160 

8,320 
12,480 

25              15 

62,400 

In  the  same  year  the  make  of  the  fximaces  of  Great  Britain  was 
1,999,608  tons,  488  furnaces  being  in  blast  of  the  total  628  built 
at  that  period*  Scotland  of  this  quantity  with  89  furnaces  made 
589,968  tons,  while  England  and  Wales  with  844  furnaces  contri- 
buted 1,459,640  tons,  giving  an  average  of  4,620  tons  per  furnace. 
Advancing  to  the  year  1852,  Braithwaite  Poole  in  his  ''  Statistics 
of  Commerce  "  gives  the  following  details  of  the  make  of  pig  iron  in 
that  year  in  the  several  iron-making  districts  in  Great  Britain : — 


Districts. 

FUBMACBS. 

Fig  Iron  Msde. 

In. 

Out 

Total. 

Durham    .... 

Northumberland  .        .     . 

North  Staffordshire  . 

South  Staffordshire       .     . 

North  Wales     . 

South  Wales                 .    . 

Shropshire 

South  Wides,  Anthradte 

Yorkshire  and  Derbyshire. 

Scotland.  .... 

Total                .    . 

Nos. 

18 

7 

17 

127 
6 

135 
27 
12 
35 

113 

Nos. 
8 
6 
4 
32 
7 

27 
13 
23 
7 
81 

Nos. 
26 
13 
21 

159 
13 

162 
40 
35 
42 

144 

Tons. 
110,000 

35,000 

90,000 
725,000 

30,000 
635,000 
120,000 

31,000 
150,000 
775,000 

497 

158 

655 

2,701,000 

Comparing  the  returns  of  1852  with  those  for  1847,  the  average 
increase  in  the  make  rose  from  4,260  tons  to  5,200  tons,  showing 
an  increase  of  580  tons  per  furnace* 

In  the  annexed  table  appears  the  number  of  furnaces  in  blast, 
and  the  make  of  pig  in  both  counties  in  each  year  since  1856 : — 


*  Fomaces  erected  in  Carboniferous  Limestone  district. 
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DURHAM. 

NORTHUMBBRLAND. 

Year. 

Number  of 
Furnaces. 

Pig  Iron. 

Number  of 
Furnaces. 

Pig  Iron. 

1856 
1857 
1858 
1859 
1860 
1861 
1862 
1863 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

40 

35 

44 

46 

37 

32^ 

33| 

47 

42 

47 

47 

39 

S5i 

40 

SJ 

49 

491 

49 

53 

50^ 

40 

33 

31 

30 

Tons. 
269,250 
284,500 
265,184 
370,339 
340,921 
312,080 
337,218 
468,318 
466,980 
476,767 
298,867 
477,834 
499,592 
658,506 
676,964 
759,24i 
760,172 
799,573 
829,235 
786,206 
806,706 
734,438 
660,323 
557,255 
750,262 

8 
6 
6 
6 

7 
7 
6 
7 
7 
7 
6 
3 
1 
1 
3 
3 
4 
4 
2 
2 
1 
1 
1 
2 
2 

Tons.          ' 
62,120 
63,250 
45,312 
31,500 
69,093 
73,260 
46,586 
40,916 
55,467 
49,290 
50,456 
31,027 
17,495 
15,942 
33,623 
34,165 
38,766 
44,807 
33,142 
22,870 

16,466 

♦ 

* 
* 

It  will  be  seen  from  the  above  statement  that  Northumberland 
is  passing  from  the  list  of  iron-making  districts ;  most  of  the 
works  are  standing  and  many  have  been  dismantled,  indeed  the 
only  establishment  now  in  operation  is  that  of  Sir  William  G-. 
Armstrong  and  Co.,  at  Elswick.  Durham,  on  the  other  hand, 
has  greatly  augmented  her  resources. 

In  the  annexed  table  appears  the  list  of  iron  works  in  the  past 
year,  showing  the  number  of  furnaces  built  and  in  blast : — 

NOBTHUMBBKLAND. 


No. 

1 
2 

Name  of  Works. 

OmMit. 

FUBMACBS. 

Built. 

In 
Blast 

Elswick,  Newcutle-on-Tyne  . 
Walker,                „              .    . 

Sir  W.  G.  Armstrong  &  Co. 
Bell,  Brothen,  Limited  .        .    . 

Total       .... 

Nob. 
2 
2 

Nofl. 
3 
0 

4 

2 

*  Included  in  the  return  for  Durham. 
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DUSHAM. 


No. 


1 
2 

3 


6 

6 

7 

8 

0 

10 

11 

12 

13 

14 

16 

16 


Name  of  Works. 


Carlton,  Stookton-on-Tees 
Port  ClarenoOi   Hiddleebro*- 

on-Tees  .... 
Coniett,'  Durham 

Perry  HiU   .... 

Jarrow-on-Tvne 
Middleton,  Darlington 
Norton,  Stockton-on-Tees 
Vane  and  Seaham 
South  Durham,  Darlington 
Towlaw,  Darlington 
Tudhoe,  Spennypoor  . 
Wear^^aahtngton  . 
Weet  Hartlepool . 
Witton  Park,  Biahop  Auckland 
Stockton.  North  Shore 
Tees  Bridge,  Stockton . 


Owners. 


The  Carlton  Iron  Co.,  Limited    . 

Bell,  Brothers,  limited  .        .    . 

Gonsett  Iron  Co^  Limited  . 
( Rosedale  and  rerry  Hill  Iron  ) 
\       Co.,  Limited     .  .    i 

Palmer's  Iron  Co.,  Limited . 
George  Wythes  &  Co.     .        .     . 
Norton  Iron  Co.,  Limited    . 
Watson,  Kipling  &  Co.,  Limited. 
South  Durham  Iron  Co.j  Limited 
Weardale  Iron  Co.,  Limited 

Bell,  Brothers,  Limited 
West  Hartlepool  Iron  Co.,  lim.  . 
Bolckow,  Yaughan  &  Co.,  Lim. 
Stockton  Iron  Furnace  Co.,  lim. 
Tees  Bridge  Iron  Co.,  limited    . 


Total 


FUBNACSS. 

Bnilt 

In 

Blast 

Nos. 

Nos. 

3 

3 

12 

12 

7 

6 

10 

0 

3 

3 

4 

0 

6 

0 

2 

0 

3 

0 

4 

0 

2 

0 

1 

0 

3 

0 

6 

3 

3 

0 

3 

3 

72 

30 

Xallealile  Iron  Worln  and  Coal  used. — ^Mills  and  forges: — 
The  production  of  the  various  forms  of  maUeable  iron  in  the 
north  of  England  may  be  said  to  date  from  the  middle  of  the  last 
century.  Coming  down  to  more  recent  times,  Mr.  Isaac  Lowthian 
Bell,  in  the  year  1868;  remarks,*  *'  It  is  obvious  that  in  a  country 
where,  comparatively  speaking,  there  would  be  a  considerable 
consumption  of  wrought  iron,  there  was  necessarily  thrown 
into  the  market  a  corresponding  quantity  of  old  or  scrap  iron. 
With  cheap  fuel,  and  water  power  in  sufficient  quantity  to  drive 
small  hammers,  forges  were  erected  at  various  suitable  localities, 
such  as  Smallwell  by  Messrs.  Crowley  and  Co. ;  Beamish  and 
Lumley,  by  Messrs.  Hawks;  Bedlington,  and  at  various  other 
places."  The  last  named  works  were  projected  about  the  year 
1809 ;  and  it  was  at  these  works  in  the  year  1820  that  malleable 
iron  rails  were  first  rolled  by  the  invention  of  a  Mr.  Birkenshaw. 
The  works  at  Bedlington  were  laid  down  by  a  Mr.  Longridge,  the 
River  Blythe  supplying  the  necessary  motive  power. 

The  next  stage  in  the  manufacture  of  malleable  iron,  following 
the  introduction  of  small  hammers  and  forges,  was  the  erection 
of  slitting  mills.     It  is  stated  by  Mr.  Stephen  Hawks  that  these 


*  **  BriiUh  Aaiociation  Pai^en  on  the  Mannfketaxe  of  Iron." 


Z  2 


840  COAL  AND   IRON  INDUSTRIES.  [part  ii. 

slittmg  mills  were  first  used  at  the  Gateshead  Iron  Works  about 
the  year  1772,  and  were  brought  from  London,  and  probably 
were  manufactured  in  Wales  or  in  the  Midland  Counties.  Slit 
rods,  it  appears,  were  first  made  in  the  north  of  England  from 
hammered  bars.  The  late  Mr.  William  Losh,  one  of  the  founders 
of  the  firm  of  Losh,  Wilson  and  Bell,  erected  a  slitting  mill  near 
Newcastle ;  the  iron  he  used  was  imported  from  Sweden  ;  this  was 
about  the  year  1800.  Gort  patented  the  rolling  of  bar  iron  in  the 
year  1783,  and  Mr.  Stephen  Hawks  in  an  old  letter  book  of  1799, 
finds  Mr.  William  Hawks  writing : — "  We  will  certainly  roll  the 
iron  to  the  dimensions  you  mention ;  "  so  that  probably  rolling 
mills  were  introduced  into  the  neighbourhood  of  Newcastle- 
upon-Tyne  a  very  short  time  after  their  invention  by  Cort.  Li 
the  year  1800  a  small  mill  appears  to  have  been  erected  at 
Lemington. 

Li  the  year  1827  Messrs.  Losh,  Wilson,  and  Bell,  erected  what 
was  at  that  time  considered  in  the  North  a  powerful,  mill  at 
Walker,  capable  of  rolling  from  80  to  100  tons  of  bars  per  week. 
Here,  as  at  all  the  other  works,  old  scrap  iron,  or  common  Welsh 
bars,  cut  up  for  re-rolling,  were  the  raw  materials  used.  This 
firm  led  the  way  in  extending  the  operations  to  the  puddling  of 
pig  iron,  a  process  adopted  by  them  in  the  year  1888.  The 
rapid  progress  in  Scotland  of  the  manufacture  of  pig  iron  from 
black  band  ironstone  by  means  of  hot-blast,  and  the  cheapness 
of  coal  on  the  Tyne,  induced  Messrs.  Losh,  Wilson,  and  Bell,  to 
increase  their  rolling  power.  A  second  mill  was  erected  in  the 
year  1888,  where  rails  of  the  largest  dimensions,  and  tyre-bars 
for  the  wrought  iron  wheels,  invented  by  Mr.  Losh,  were  manu- 
factured. The  old  house  of  Hawks  and  Company  soon  after 
added  largely  to  their  means  of  producing  wrought  iron.  In 
this  they  were  speedily  followed  by  the  Derwent  Lron  Company, 
who  erected  immense  rolling-mills  at  Consett,  near  Shotley 
Bridge,  and  increased  largely  the  capabilities  of  the  Bishop- 
wearmouth  Iron  Works  which  they  had  previously  purchased. 
There  would  be  in  the  district  previous  to  the  year  1850  about 
800  puddling  famaces,  capable  of  turning  out  about  150,000  tons 
of  finished  iron  per  annum. 

The  foregoing  works  and  others,  subsequently  established  from 
time  to  time,  increased  their  appliances  for  producing  the  various 
forms  of  malleable  iron,  until,  in  the  year  1862,  there  appear  to 
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have  been  17  works  in  operation,  possessing  an  aggregate  of  646 
puddling-fdmaces,  the  producing  power  of  these  works  being 
estimated  by  competent  authorities  as  being  equal  to  the  manu- 
facture of  840,000  tons  of  finished  iron,  and  probably  the  actual 
make  during  the  year  1862  may  have  reached  800,000  tons.  It 
further  appears  that  in  addition  to  the  iron  obtained  by  the 
puddling  process,  a  considerable  weight  of  iron  is  also  manu- 
factured in  these  works  from  old  iron  imported  into  the  district 
from  various  parts  of  the  kingdom. 

Without  going  into  details  as  to  the  precise  date  at  which  the 
several  important  works  established  in  recent  years  were  pro- 
jected and  erected,  contributing  so  much  to  the  welfare  and 
prosperity  of  the  north  of  England,  the  year  1872  may  be  taken 
as  one  of  great  prosperity.  At  this  time  there  appear  to  have 
been  22  works  in  Northumberland  and  Durham,  making  the 
various  forms  of  malleable  iron,  plates,  rails,  angles,  sheets,  &c., 
possessing  1189  puddling  furnaces  and  66  rolling  mills,  and  at 
the  Tudhoe  Works  of  the  Weardale  Iron  and  Goal  Co.,  Bessemer 
plant  consisting  of  four  converters,  each  with  a  capacity  of  60 
cwts.  In  all  these  works  in  1872  the  ascertained  quantity  of 
coal  employed  was  1,259,000  tons.  In  the  year  1878  the  same 
works  numbered  1194  puddling  furnaces,  the  rolling  mills  and 
Bessemer  converters  stood  as  in  the  previous  year,  the  quantity 
of  coal  used  in  manufacture  increasing  to  1,264,000  tons. 

In  the  year  1877  the  number  of  works  stood  at  28,  of  which  22 
were  more  or  less  actively  employed,  with  1819  puddling  furnaces, 
and  89  rolling  mills. 

The  British  Iron  Trade  Association,  in  their  report  for  the 
year  1877,  give  the  total  production  of  manufactured  iron  in 
Qreat  Britain  as  1,794,000  tons,  of  which  quantity  Northumber- 
land, Durham,  and  Cleveland  produced  405,000  tons ;  South 
Staffordshire,  865,000  tons ;  Scotland,  218,000  tons ;  Lancashire, 
200,000  tons;  Leeds,  Bradford,  Sheffield,  and  Rotherham, 
266,000  tons ;  and  other  districts  the  remainder. 

The  production  of  1878  and  1879  was  somewhat  in  excess  of 
the  preceding  year.  The  returns  for  the  Durham  and  Cleveland 
districts  in  1880  amounted  to  508,000  tons,  an  increase  of 
200,000  tons  over  the  production  of  1879.  In  the  year  1880  the 
works  erected  and  in  operation,  with  the  names  of  proprietors 
and  resources  of  mills  and  forges,  were  as  follows  : — 
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No. 


1 


6 

« 

7 

8 

9 

10 

11 

It 

19 
14 

U 

16 
17 

IS 

19 

20 

21 

22 

23 

24 

25 
20 

27 
28 


Name  of  Works. 


Auckland 
Whetsoe 

Hartlepool 

Jtrrow 

Albert  Hill 
BprlDgfleld   . 
Btrtley     . 
ConMtt 
Fence  Houses . 
Gftteshead    . 
Hive 
Monkwearmouth 

Tudhoe    . 
Bkeme  . 


i 
\ 


West  Hartlepool 

RiaeCarr 
Stnmton  . 

Stockton 

Park 

Albion  (Felling  Shore)  ( 

Thomaby  .    . 

Carr  House  .  | 

Walker    .... 

Witton  Park  j 

South  Hylton  .       .    . 
Richmond    . 

West  Stockton 
Stockton 


Total  of  County 


Name  of  Finn. 


Thomas  Vaughan  &  Co.  . 

Hartlepool  Rolling  Hills 

Co.,  Limited 
Palmer's       Shipbuilding 

and  Iron  Co.,  Limited 
Darlington  Iron  Co.,  lim. 

f)  ** 

Birtley  Iron  Co. 
Consett  Iron  Co.,  Limited 
Hopper,  Raddiffe,  ft  Co. 
HaWks,  Crawshay ,  A  Sons 
John  Elliot  &  Son  . 
Samuel  Tyzock  ft  Co.  . 
Weardale  Iron    and  Coal 

Co.,  Limited 
Skeme  Iron  Works  Co., 

Limited.  .    . 

West  Hartlepool  Iron  Co. , 

Limited 
Fry,  Janson  ft  Co.      .    . 
Robert  H.  Charlton 
Stockton  Malleable  Iron 

Co.,  Limited  .  .  . 
John  Abbot  ft  Co.,  Lim. 
Fellling  Coal,  Iron,  and 

Chemical  Co. ,  Limited 
W.  WhitweU  ft  Co.  . 
Dunlop,  Meredith,  ft  Co., 

Limited .        ... 
Bell,  Brothers . 
Bolckow,  Vaughan,  ft  Co. , 

Limited.  .    . 

Raine,  Brothers 
R.  Jaques  ft  Co.         .    . 
West  Stockton  Iron  Co., 

Limited 
R  S.  Johnson  ft  T.  M. 

Reay      .... 


Nearest  Port  or 
Railway  Station. 


Bishop  Auckland 
Darlington 

!■  West  Hartlepool 

I  Newcastle 

Darlington 

»i 
Chester-le-street 
Durham    .        .    , 
Fence  Houses 
Gateshead        .    . 
East  Jarrow  . 
Sunderlsjid       .    , 

>Spennymoor 
I  Darlington      .    , 

I  Hartlepool  . 

Darlington    . 
West  Hartlepool  . 


Stockton 


Qateshead. 


•I 


Stockton  .       .    . 
West  Hartlepool . 
Walker      .       .    . 
Stockton    . 


South  Hylton 
Stockton 


I   ■• 
1    •■ 


No.  of 
Puddling 
Furnaces. 


34 

72 

•  « 

167 

•  • 

65 

27 

•  ■ 

72 

•  • 

32 

•  • 

78 
32 

•  • 

31 


104 

■  • 

24 

•  « 

22 


761 


No.  of 
BoUing 

Mills. 


6 

•  • 

5 

•  • 

2 


3 

•  ■ 

10 
8 


G 

■  • 

3 


59 


In  considering  the  resources  of  the  mills  and  forges  in  the 
north  of  England,  it  appears  that  the  majority  of  the  works,  em- 
ploying about  two-thirds  of  the  puddling  furnaces,  are  more  or 
less  dependent  upon  the  open  market  for  the  purchase  of  all  their 
materials,  being  exclusiyely  finished  iron  works,  without  the  ad- 
juncts of  blast  furnaces,  mines,  or  collieries ;  while  the  remaining 
works  have  the  command  of  their  own  pig,  and,  in  some  cases, 
their  own  coal,  which  gives  these  latter  works  a  more  favourable 
basis  for  operation. 

In  the  years  1872  and  1873  the  quantities  of  coal  used  in  the 
malleable  iron  works  were  approximately  ascertained  ;  since  that 
date,  however,  the  data  available  are  not  so  complete  as  could  be 
desired,  in  a  great  measure  due  to  the  general  depression  pre- 
vailing ;  however,  it  may  be  generally  stated  that  in  the  north  of 
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England  each  paddling  furnace,  when  actively  employed,  con- 
sumes from  1,200  to  1,800  tons  of  coal,  and  will  yield  500  tons 
of  bars  or  rails  per  annum  with  the  consumption  of  this  quantity 
of  f ueL 

Coal  and  Iron  Ore  luied  in  jffanufkotnre. — In  considering  the 
question  of  the  quantities  of  coal  and  ore  used  in  the  make  of 
pig  iron,  it  will  be  convenient  to  deal  with  the  two  districts  col- 
lectively rather  than  make  each  the  subject  of  a  separate  inquiry. 
About  the  year  1840  Mr.  William  Jessop,  of  the  Butterley  Iron 
Works,  Derbyshire,^  in  his  inquiry,  ascertained  that  in  each  ton 
of  pig  iron  made  in  those  districts,  8^  tons  of  coal  were  employed. 
The  result  of  the  Royal  Goal  Commission  inquiry  determined  the 
average  quantity  employed  throughout  the  country,  all  purposes 
included,  did  not  exceed  8  tons,  while  the  returns  of  later  years 
to  the  Mining  Record  Office  exhibit  a  still  greater  economy.  In 
the  year  1878  the  average  did  not  appear  to  exceed  45  or  46  cwts., 
in  these  districts,  the  average  for  Great  Britain  probably  not  ex- 
ceeding 67  cwts.  in  the  same  year.  The  economy  in  the  con- 
sumption of  fuel  has  thus  within  a  few  years  greatly  increased, 
and  since  special  interest  now  attaches  to  this  subject  it  may  be 
reasonably  expected  that  the  returns  of  each  successive  year  will 
exhibit  farther  economy  in  the  coal  used  in  this  important  branch 
of  our  iron  manufactures. 

In  the  table  below  appear  the  total  quantities  of  pig  iron  made, 
and  of  coal  and  ironstone  used  in  Durham  and  Northumberland 
in  each  year  since  1872  : — 


Year. 

Pig  Iron. 

CotaUsed. 

Iron  Ore. 

Tons. 

Tom. 

Tons. 

1872 

798,938 

1,890,766 

2,623,895 

1873 

844,380 

1,949,447 

2,870,791        1 

1874 

862,377 

2,047,768 

2,917,683 

1875 

809,076 

1,908,240 

2,784,428 

1876 

823,172 

1,895,402 

2,829,669 

1877 

734,438 

1,656,056 

2,407,834 

1878 

660,323 

1,386,601 

2,097,430 

1879 

529,559 

1,161,587 

1,487,202 

1880 

750,262 

1,420,766 

2,069,243 

An  examination  of  the  above  figures  shows  some  interesting 
facts ;  thus,  in  the  year  1872  and  1878,  the  average  make  of  the 

*  For  details  of  Mr.  Jefisop's  return,  see  Appendix,  pp.  835,  836. 
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famaces  was  in  the  Durham  District  16,574  tons  and  16^071  tons 
respectively,  compared  with  18,866  tons  in  the  year  1877,  and 
19,421  tons  in  the  year  1878.  The  proportion  of  coal  in  1872 
to  each  ton  of  pig  iron  made  was  a  consumption  of  47^  cwts., 
comparing  favourably  with  the  return  of  the  years  1878  and 
1879,  when  42  ewts.  of  coal  previously  coked  was  the  amount 
employed,  all  purposes  included,  in  the  production  of  each  ton 
of  pig  iron. 

The  great  bulk  of  the  ironstone  now  smelted  in  the  Durham 
furnaces  is  obtained  from  the  Cleveland  district ;  the  other  ores 
employed  in  admixture  are  obtained  from  the  west  coast  hema- 
tites  of  Lancashire  and  Cumberland,  the  local  ores  from  Wear- 
dale,  and  some  smaU  quantities  from  distant  districts  and  foreign 
countries.  The  Cleveland  ore  so  extensively  used  would,  if  alone 
employed,  require  70  cwts.  of  raw  imcalcined  stone  to  produce 
20  cwts.  of  pig  iron,  but  with  the  admixture  of  foreign  ores,  rich 
in  metallic  iron,  the  actual  quantities  in  1872  and  1878  did  not 
exceed  from  67  to  68  cwts.,  while  in  the  year  1878  the  quantity, 
as  shown  by  the  figures  above,  amounted  to  but  63  J-  cwts.  of  iron- 
stone of  all  varieties  to  each  ton  of  pig  iron  made. 

The  sources  from  whence  the  ores  used  in  the  years  1872  and 
1873  were  obtained  were  as  follows.  Side  by  side  appear  corre- 
sponding data  for  the  four  years  ending  1880  : — 


Localities. 

1872. 

187S. 

1877. 

1878. 

1879. 

1880. 

Toiis. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Cleveltnd    . 

2,100,000 

2,392,000 

1,972,395 

1,642,149 

1,253,850 

1,603,905 

Cumberland    .     . 

85,139 

44,281 

46,087 

37,896 

8,203 

8,289 

LancaBhire  . 

58,096 

37,821 

10,897 

19,992 

2,753 

23,904 

Northamptonshire 

20,000 

25,000 

♦ 

♦ 

« 

1,106 

Weardale,  &c.     . 

128,471 

123,282 

115,523 

40,144 

16,461 

41,357 

Foreign  ores 

182,189 

188,407 

142,932 

210,685 

131,487 

342,150 

other  ores      .    . 
Total 

50,000 

60,000 

120,030 

146,564 

74,448 

48,532 

2,623,895 

2,870,791 

2,407,834 

2,097,430 

1,487,202 

2,069,243 

The  last  item,  "  other  ores/*  includes  ores  derived  from  various 
localities  not  ascertained,  also  "  purple  ore,"  an  oxide  of  iron, 
obtained  from  the  metal  extraction  works,  and  containing  from 
62  to  67  per  cent,  of  metallic  iron. 


*  Quantities  incladed  under  other  ore& 
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The  foreign  ores  enumerated  above  were  received  at  the  fol- 
lowing ports  in  the  years  stated : — 


Ports. 

1872. 

1873. 

1877. 

1878. 

1879. 

1880. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Berwick 

•  • 

150 

•  • 

•  • 

•  • 

70 

Hartlepool      .    . 

33,418 

13,850 

401 

2,341 

1,038 

327 

Newcastle   . 

82,979 

114,966 

70,097 

134,320 

62,613 

152,664 

Shields,  North    . 

9,562 

15,044 

6,987 

6,618 

5,171 

12,770 

Shields,  Soath    . 

20,149 

20,564 

21,802 

13,950 

22,263 

44,413 

Stockton         .    . 

2,229 

440 

420 

1,919 

9,046 

59,357 

Sunderland . 

Total  .    . 

33,857 

23,393 

48,225 

51,537 

31,356 

72,549 

182,189 

188,407 

142,932 

210,685 

131,487 

342,150 

The  total  imports  of  iron  ore  into  the  United  Kingdom  in  each 
of  the  same  years  with  the  declared  value  at  the  port  of  import 
being  as  follows,  showing  the  high  character  of  the  ore — the  value 
exceeding  20«.  per  ton : — 


Year. 

Quantities. 

Value. 

Tons. 

£ 

1872 

576,264 

671,926 

1873 

967,536 

1,278,278 

1874 

754,147 

1,021,481 

1875 

458,673 

583,571 

1876 

672,235 

795,516 

1877 

1,142,308 

1,256,069 

1878 

1,173,411 

1,162,851 

1879 

1,083,692 

1,037,719 

1880 

2,634,401 

2,792,717 

Spain,  in  1880,  furnished  the  great  bulk  of  the  ores  imported. 
The  ore  is  of  carboniferous  limestone  age,  and  is  extensively 
developed  in  the  Sommorrostro  Mines,  near  Bilbao,  as  well  as 
in  other  districts.  The  extent  of  the  industry  will  be  understood 
from  the  fact  that  during  the  year  1878  the  total  quantity  of  iron 
ore  exported  from  the  port  of  Bilbao  amounted  to  1,224,780  tons, 
of  which  quantity  England  received  856,088  tons  and  Scotland 
47,445  tons,  according  to  a  Spanish  official  return.  In  the  year 
1870  the  Spanish  ores  imported  amounted  to  179,088  tons,  of  the 
value  of  £146,717,  compared  with  99,816  tons,  valued  at  £78,184, 
in  the  previous  year.  In  subsequent  years  the  total  quantities 
and  values  of  Spanish  ore  imported  into  Great  Britain  is  re- 
corded as  under,*  the  diminished  imports  in  the  intervening 

*  Trade  and  Navigation  Bettums, 
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years    being    accounted   for    by   the    disturbed    state  of  that 
country : — 


Year. 

Quantities. 

Value. 

TODH. 

£ 

1871 

302,382 

284,255 

1872 

631,134 

705,441 

1873 

790,891 

1,000,720 

1874 

541,963 

665,614 

1875 

250,641 

273,757 

1876 

522,383 

556,756 

1877 

990,029 

983,556 

1878 

1,088,862 

1,021,455 

1879 

1,007,617 

918,276 

1880 

2,278,962 

2,270,462 

Official  returns  recently  published  show  that  in  the  year  1880 
the  total  iron  ore  exported  from  Bilbao  amounted  to  2,845,698 
tons.  Of  this  quantity  1,657,000  tons  were  conveyed  to  England, 
and  112,000  tons  to  Scotland,  the  remainder  being  sent  coastways 
and  exported  to  other  countries.  The  first  half  of  the  year  1881, 
ending  June,  according  to  the  Customs  returns  of  Bilbao,  show 
the  iron  ore  industries  to  be  in  a  flourishing  state ;  up  to  that 
date  1,826,000  tons  having  been  exported,  the  average  prices 
delivered  F.  O.  B.  varying  from  8*50  to  8'76  francs  per  ton. 


CHAPTEE    II. 

T0RK8HIRB    (WKST   BIDING)    IRON    INDUSTRIBS. 

Ironstone  of  the  Coal  Measures — Analyses  and  Production  of  Ironstone — Pig  Iron 
Manufacture — Early  History — Annual  Production — ^Works  in  operation-- 
Bessemer  Steel  Works — Coal  and  Iron  ore  used  in  Manufacture  of  Pig  Iron. 

Torkshire  (West  Biding)  Zromitone  Measures. — Independent 
of  the  coal  seams,  and  interstratified  with  them,  are  numerous 
bands  or  seams  of  ironstone,  in  the  northern  divisions  of  the 
coal-field  situate  in  the  West  Riding  of  Yorkshire.  In  the  neigh- 
bourhood of  Bradford  and  Leeds  the  mineral  field  is  well 
developed,  and  has  given  rise  to  the  establishments  of  Bowling, 
Low  Moor,  Bierley,  and  others.  The  more  important  of  the 
ironstone  measures  in  the  districts  above  referred  to  are  those  of 
the  White  Bed  Mine  (Bierley) ;  and  the  Black  Bed  Mine,  or 
Low  Moor  bed  of  ironstone  worked  extensively  between  Low 
Moor  and  Leeds ;  there  is  however  considerable  irregularity  in 
the  thickness  of  these  beds,  and  in  the  distribution  of  the  nodules, 
and  hence  a  variation  in  the  yield  of  ironstone.  The  White 
Bed  Mine  at  Bierley  yields  an  average  of  1,200  tons  of  ironstone 
per  acre ;  the  Low  Moor  Bed  is  much  more  productive.  These 
beds  of  ironstone  consist  of  a  series  of  bands  known  as  follows : — 

Whtte  Bed  Minx.  Black  Bed  Mnns. 

BISALBT.  LOW  MOOB. 

Top  Flatts.  Top  Balls. 

Low  Flatta.  Flat  Stone. 

White  Balls.  Middle  Balls. 

Middle  BaUs.  Bough  Measure. 

Low  Measure.  Low  Measure. 

Basset  Stone. 

Beneath  these  beds  of  ironstone  of  which  the  White  Bed  Mine 
is  uppermost,  lies  a  seam  of  coal  not  exceeding  two  feet  in  thick- 
ness, locally  known  as  the  *'  better  bed,"  remarkably  firee  from 
impurities,  more  especially  iron  pyrites,  and  consequently  con- 
taining but  a  small  percentage  of  sulphur,  which  renders  it  of 


848  COAL  AND   IRON   INDUSTRIES.  [pakt  ii. 

great  yalue  in  the  manufacture  of  iron.  Beneath  the  '^  better 
bed ''  coal  occurs  a  valuable  seam  of  indurated  fire  clay,  varying 
from  two  to  three  feet  in  thickness.  This  fire-clay  furnishes  a 
superior  quality  of  fire-brick,  and  is  also  much  used  as  a  lining 
in  the  blast  furnace. 

Southwards,  by  Wakefield,  Bamsley,  Botherham,  and  Shef- 
field, this  mineral  field  is  extremely  rich  in  its  ironstone  and 
coal,  to  a  depth  of  upwards  of  300  yards.  In  the  top  of  the 
series  occurs  the  Bamsley  Thick  Goal,  which  varies  in  thickness 
from  6  feet  to  9  feet  6  inches,  and  at  the  bottom  occurs  the 
Silkstone  seam  of  coal  4  feet  thick.  Between  the  above  named 
seams  of  coal  are  others  of  less  thickness,  and  the  following 
ironstone  measures  in  descending  order : — 

1.  BwaUow  Wood  Mine  (Milton). —Consisting  of  three  bands,  of  Flatts, 

Balls,  and  Bottom  Measures,  and  yielding  about  1,500  tons  of  iron- 
stone per  acre.  Swallow  Wood  Coal, 

» 

2.  Lidgaie  Mine  (Milton). — ConsiBting  of  three  bands,  Flatts,  Balls,  and 

Bottom  Measures,  and  yielding  1,800  tons  of  ironstone  per  acre. 

3.  Tankeraley  Mine  (Milton). — Consisting  of  Top,  Middle  and  Bottom 

Measures,  and  yielding  from  2,000  to  3,400  tons  of  ironstone  per 
acre.  Deep  End  Coal. 

4.  Thomdiffe  or  Old  Blade  Mine  (Parkgate). — Oonsistinfi^  of  Balls,  Holing 

Measures,  in  all  11  inches  of  ironstone,  and  yielding  1,500  tons  of 
ironstone  per  acre.  Parkgaie  or  Manor  Coal. 

5.  Thornedijfe,  White  Mine  (Park^te). — Consisting  of  Flatts,  Balls  and 

Holing  Measures,  and  yieldmg  1,500  tons  of  ironstone  per  acre. 

Thorndiffe  Thin  CoaL 

6.  Blade  or   Clay  Wood  Mine  (Parkgate). — ^Consisting  of  Balls,  Brown 

Qeorge,  and  Whetstone  Measures. 

Silkstone  Coal, 

Analyses  of  the  Ironstones. — These  clay  ironstones,  or  argil- 
laceous carbonates  of  iron,  in  the  districts  above  referred  to  vary 
but  little  in  their  general  character  and  composition ;  they  have 
all  been  carefully  examined  and  the  results  published  in  the 
"Memoirs  of  the  Geological  Survey."*  The  analyses  were 
made  by  Mr.  John  Spiller,  in  Dr.  [Percy's  Laboratory  of  the 
Boyal  School  of  Mines,  by  whom  the  several  measures  are  thus 
described  and  the  composition  determined. 

White  Bed  ICine — The  sample  examined  consisted  of  equal 
weights  of  five  specimens  of  this  ironstone  measure,  described  as 

Iron  Ores  of  Great  Britain/'  Part  I.,  1856,  pp.  66,  69. 
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a  **  clay  ironstone  of  varying  colour,  from  a  light  brown  gray  to 
black  gray ; "  the  shades  deepening  in  intensity  with  the  order  of 
the  specimens  selected.  Two  of  the  samples  exhibited  a  con- 
choidal  fracture,  had  a  closer  texture,  and  were  harder  than  the 
others ;  in  another  a  vein  of  iron  pyrites  occurred. 

Black  Bed  ICmey  Low  Moor. — The  sample  examined  con- 
sisted of  six  specimens  of  this  measure,  in  the  proportion  of 
equal  weights ;  all  the  samples  are  described  as  *'  dark  blackish 
gray  clay  ironstones,"  two  varieties  being  harder  than  the  rest, 
one  variety  showing  thin  films  taking  the  form  of  shells  and 
containing  iron  pyrites.  The  analyses  exhibit  the  following 
constituents : — 

Resttlts  Tabuultsd. 


Constitaents. 

WUte  Bed  Mine. 

Blmck  Bed  Mine. 

Protoxide  of  iron    . 
Peroxide  of  iron        .     . 
Protoxide  of  manganese . 
Alumina 

Xiime                          •    • 
Magnesia 

OarDonicaoid    .        .     . 
Phosphorio  add 
Solpnurio  acid  •        .     . 
Bisolphide  of  iron  . 
Water  hygroeoopio    .    . 

„    combined    . 
Organic  matter  .        .    . 
Xnrolable  lesidae  . 

36-38 
1-20 
0-94 
0-80 
2-78 
2-22 

25.41 
0-48 

traoe 
0-18 
0-74 
1-11 
0-23 

28-00 

36-14 
0-61 
1-38 
0-52 
2-70 
2-05 

26-57 
0-34 

trace 
0-10 
0-61 
1-16 
2-40 

26-27 

99-47 

99-85 

Iksoltjble  Residue. 

Silica                ... 

Alnmina 

Peroxide  of  iron        .    . 

liime     .... 

Magnesia  • 

Potash  .... 

Metallic  iron             •    . 

19-13 
6-83 
0-67 
Oil 
0-07 
0-78 

17-37 
6-22 
0-84 

trace 
0-12 
0-65 

27-49 

25*20 

28-76 

29-12 

A  distinct  trace  of  copper  was  detected  in  500  grains  of  the 
White  Bed  Mine,  while  in  600  grains  of  the  Black  Bed  Mine 
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none  of  the  metals  precipitable  by  sulphuretted  hydrogen  from 
the  hydrochloric  acid  solution  were  found. 

The  ironstone  measures  in  the  southern  division  of  the  West 
Riding  of  Yorkshire  worked  at  Parkgate,  very  similar  to  those 
above  described  of  Bierley  and  Low  Moor,  have  been  also  ex- 
amined, the  samples  in  each  case  consisting  of  equal  weights  of 
each  ore :  the  composition  of  each  mine  being  as  follows  : — * 

Besttlts  Tabijiated. 


Constitaents. 

1 

THOBNCUFFB. 

PAXKQATB. 

Old  Black 
Mine. 

White  Mine. 

Black  or  Clay 
Wood. 

Protoxide  of  iron    . 

41-77 

39-38 

39-87 

Peroxide  of  iron        .     . 

1-96 

1-24 

0-53 

Protoxide  of  manganese. 

1-13 

0*95 

1-38 

Alumina    .                .    . 

0-58 

0*82 

'         0-74 

Lime      «... 

2-66 

2-26 

2-12 

Masnesia  . 
Car  Donic  add 

3-71 

3-72 

2*64 

31-39 

29*88 

28-47 

Phosphoric  acid         .     . 
Snlpnuiic  acid 

0-75 

0-47 

0-69 

trace 

trace 

Bisolphide  of  iron      .     . 

trace 

trace 

005 

Water  hygroeoopic 
,»    combined        .     . 

0-55 
1-15 

0-68 
1-41 

0-69 
1-21 

Organic  matter 

0-86 

0*54 

0-83 

Inwluble  residue       .     . 

1416 

19-35 

20-30 

100-66 

100-20 

99-42 

INI 

90LTTBLE  BbSH 

>XJE. 

Silica         .        .        .     . 

8-93 

12-16 

18-60 

Alumina 

4-21 

6-60 

6*89 

Peroxide  of  iron        .     . 

0-48 

0-46 

0-77 

liime     •        .        .        . 

trace 

trace 

trace 

Magnesia  . 

014 

017 

0-18 

Potash  .... 
Metallic  iron              .    . 

0-43 

0*37 

0-18 

14-14 

18-76 

19-97 

3416 

81-82 

31-92 

The  average  yield  of  the  ironstones  wrought  in  the  West 
Biding  of  Yorkshire  may  be  taken  at  82  per  cent,  of  metallic 
iron.  These  ores,  before  calcination  takes  place,  are  usually 
exposed  to  the  air,  when  the  adhering  particles  of  shale  disin- 

*  '<  Iron  Ores  of  Great  Britain,"  Part  L,  1866,  pp.  71  73,  75. 
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tegrate,  and  their  removal  is  easily  effected.  In  the  operation  of 
calcination  they  lose  from  one-third  to  one-fourth  of  their  weight, 
the  loss  consisting  of  carbonic  acid  and  water. 

Thirty  years  ago  the  argillaceous  ores  of  the  coal  measures 
furnished  between  60  and  70  per  cent,  of  the  ores  smelted  in  our 
iron  works;  since  that  period,  with  the  development  of  the 
deposits  in  the  carboniferous  limestone  of  the  West  coast  in 
Lancashire,  and  Cumberland,  and  of  the  Liassic  and  Oolitic 
formations  in  the  North  Siding  of  Yorkshire  and  Northampton- 
shire, new  sources  of  supply  have  opened  up,  supplemented  by 
the  imports  of  valuable  hematites  from  foreign  countries,  so  much 
so,  that  the  proportion  of  clay  ironstone  now  employed  does  not 
exceed  86  per  cent,  compared  with  60  or  70  per  cent,  in  the  year 
1860.  The  clay  ironstones  available  for  reduction  in  1879 
amounted  to  5,180,849  tons,  other  ores  9,248,886  tons;  while 
the  ores  imported  amounted  to  1,085,045  tons,  of  the  value  ot 
£1,050,167 ;  making  a  total  of  14,879,785  tons  operated  upon  in 
the  blast  furnaces  of  the  United  Kingdom. 

Froduction  of  Ironstone. — The  earliest  returns  of  the  pro- 
duction of  the  ironstone  measures  in  the  West  Riding  of  York- 
shire were  published  for  the  year  1855,^  when  the  total  quantity 
raised  amounted  to  266,000  tons.  In  the  year  1856  the  produc- 
tion was  but  242,100  tons,  of  which  quantity  the  collieries  in  the 
neighbourhood  of  Leeds  produced  42,600  tons.  In  subsequent 
years  the  returns  appear  as  follows : — 


Year. 

QuantltiM. 

Year. 

Quantities. 

1 
Tons. 

Tons. 

1867 

207,600 

1865 

575,000 

1858 

189,760 

1866 

357,000 

18d9 

175,000 

1867 

579,000 

1860 

255,700 

1868 

785,028 

1861 

235,500 

1869 

230,905 

1862 

350,500 

1870 

307,717 

1863 

475,000 

1871 

407,997 

1864 

555,000 

1872 

466,305 

These  returns  show  great  fluctuations,  the  year  of  greatest 
production  being  1868,  since  which  date  a  considerable  falling  off 
appears. 

The  details  of  production  for  the  three  years  ending  1872 
appear  as  follows : — 

*  Mineral  Statistics  of  the  United  Kingdom. 
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District  or  Mine. 

1870. 

1871. 

1872. 

Bowling 

Famley     . 

Kimberworth 

Low  Moor. 

Thomdiffe     . 

West  Ardsey     .        .     . 

White  Horse . 

Sundry  Mines   .        .     , 

Tons. 

36,221 

14,000 

2,496 

68,000 

... 
37,000 

150,000 

Tons. 
36,083 
25,983 

1,730 
75,437 

•  •  • 

18,764 
250,000 

Tons. 
46,651 
26,759 

80,000 
15,497 

17,398 
280,000 

Total . 

t 

307,717 

407,997       ;     466,305 

1 

Since  1872  the  ironstone  raised  is  seen  in  the  following  quan- 
tities, together  with  its  value : — 


Tear. 

Qnantities. 

Value. 

Tons. 

£ 

1873 

407,388 

122,216 

1874 

370,960 

154,074 

1875 

353,682 

159,089 

1876 

381,463 

228,877 

1877 

402,746 

241,647 

1878 

370,405 

185,202 

1879 

321,789 

160,894 

1880 

286^698 

143,349 

From  the  above  it  appears  the  average  value  of  these  argilla- 
ceous ores  varied  from  68.  per  ton  in  1878,  increasing  to  ISU.  per 
ton  in  1877  and  1878,  and  since  that  date  show  a  falling  off  to 
10«.  per  ton. 

Fig  Iron  MannfiBMstiire. — The  early  history  of  this  industry  is 
closely  identified  with  the  town  of  Bradford.  Although  evidence 
exists  of  the  smelting  of  the  argillaceous  ores  of  the  coal  measures 
at  a  remote  period,  on  a  limited  scale,  yet  it  may  be  said  in 
modem  times  to  date  from  the  year  1780  or  1781,  when  the 
Bowling  Company  purchased  the  Manor  of  Bowling,  with  its 
ancient  hall,  and  laid  the  foundation  of  the  works  which  in  sub- 
sequent years  have  attained  such  a  wide-spread  reputation.  The 
operations  of  the  company  in  the  early  years  of  its  existence  were 
confined  more  especially  to  foundry  and  smith's  work.  It  was 
not  till  the  year  1788  that  the  ^maces  erected  under  the  super- 
intendence of  Mr.  John  Sturges,  of  Sandall,  near  Wakefield,  were 
put  in  blast  and  the  smelting  of  iron  ore  commenced.  And  here 
it  will  be  interesting  to  note  a  few  facts  showing  the  magnitude 
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of  the  Bowling  Works  in  the  present  day.  These  works  comprise 
six  cold  blast  furnaces,  from  which  about  860  tons  of  pig  iron 
are  run  per  week,  5  refineries,  21  puddling  furnaces,  40  heating 
furnaces,  an  extensive  forge,  a  tyre  mill  for  rolling  steel  and  iron 
weldless  tyres,  one  guide  mill,  one  bar  mill,  with  15  in.  rolls  and 
tin  plate  mills. 

The  Bowling  estate  itself  supplies  almost  all  the  coal  and 
ironstone  which  the  company  consumes,  its  collieries  extending 
five  or  six  miles  in  various  dkections,  and  the  main  pits  being  con- 
nected together  and  with  the  iron  works  by  tramways  worked  with 
wire  ropes.  The  total  length  of  these  tramways  is  21  miles,  the 
number  of  pits  42,  and  the  number  of  hands  employed  in  them  is 
more  than  2,000.  To  work  the  pits  61  steam-engines  are  re- 
quii'ed,  having  cj'linders  varj'ing  from  7  to  70  inches  in  diameter ; 
and  to  supply  them  with  steam  81  boilers  are  required  of  from 
10  to  50  horse  power  each.  In  the  iron  works  are  three  blast 
engines,  with  blowing  cylinders,  varying  from  76  to  84  inches  in 
diameter ;  and  14  engines,  of  from  20  to  60  horse  power,  to  give 
motion  to  the  various  machines,  besides  numerous  small  steam- 
engines  driving  separate  machines,  and  pumping  water  for  the 
boilers.  The  number  of  steam-hammers  is  18,  and  helve 
hammers  2.  The  supply  of  steam  is  maintained  by  83  boilers 
of  from  20  to  50  horse  power  each.  The  number  of  hands 
employed  at  the  iron  works  is  upwards  of  1,000,  thus  making  a 
total  of  8,000.  There  is  also  an  extensive  steel  works  for  making 
crucible  steel,  having  about  100  pot  furnaces,  besides  furnaces  on 
the  Siemens  and  Siemens  Martin  principle,  worked  by  the 
Siemens  regenerative  gas  fmiiace.* 

The  distinguishing  qualities  of  the  Bowling  iron  are  hardness 
with  great  pliability,  homogeneity,  and  uniformity  of  textm^e, 
capability  of  withstanding  the  action  of  fire,  and  receiving  a 
brilliant  polish;  these  special  qualities  cause  the  iron  to  be  in 
great  request  in  the  numerous  industries  abounding  in  Sheffield, 
where  it  is  extensively  employed.  Mr.  Wilcox,  in  his  interesting 
paper  referred  to,  concludes  by  remarking,  "that  works  esta- 
blished in  the  infancy  of  the  iron  trade,  and  producing  a  superior 
quality  of  metal — quality  being  always  preferred  to  quantity 
whenever  the  alternative  presents  itself — ^must  naturally  be  dis- 

•  Mr.  Joseph  Wilcock's  paper  on  "  The  Bowling  Iron  Works,"  British  Associa- 
tion Reports,  1873.    Bradford  Meeting. 
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posed  to  conservatism.  Besides,  repeated  experiences  have 
proved  the  necessity  of  keeping  to  the  original  mode  of  working 
with  the  minerals  and  iron.  It  is  rarely  known  to  what  purposes 
or  tests,  the  iron  may  be  put  on  leaving  the  premises,  but  it  is 
known  it  will  have  to  withstand  usage  such  as  common  iron,  or 
any  other  iron  but  charcoal  iron  perhaps  could  do,  and  it  was  for 
the  latter  that  the  Bowling  iron  was  originally  manufactured  as  a 
substitute." 

Betuming  to  the  founding  of  the  iron  works  in  the  West  Biding 
of  Yorkshire,  as  previously  stated,  the  Bowling  works  were  pro- 
jected in  the  year  1780.  The  Low  Moor  works  were  established 
in  the  year  1790 ;  and  a  writer  in  London  Society*  gives  the 
following  interesting  sketch  of  its  founder,  Mr.  Joseph  Dawson : — 

"  It  was  probably  due  more  to  the  investigation  and  recom- 
mendation of  Mr.  Dawson  than  to  anything  else  that  the  Low 
Moor  enterprise  was  entered  upon.  Mr.  Dawson  was  an  inti- 
mate  friend  of  Dr.  Priestly,  and  a  man  of  high  scientific  attain- 
ments. He  had  given  much  attention  to  metallurgy  and 
chemistry,  and  had  watched  the  progress  of  scientific  discovery 
in  regard  to  the  working  of  iron  with  keen  interest.  He  was  a 
man  of  great  vigour  of  mind  and  originality  of  character.  In 
1768  he  was  ordained  minister  of  Upper  Chapel,  Idle ;  and  was 
then  in  his  twenty-ninth  year,  and  had  just  been  married.  Bom 
in  very  humble  circumstances  he  was  led  to  make  energetic 
efforts  to  educate  himself  and  attracted  the  notice  of  a  gentleman, 
who  generously  took  him  by  the  hand  and  found  the  funds  for 
the  lad's  educational  training  at  the  Daventry  Academy.  Mr. 
Dawson  did  not  make  a  successful  minister ;  his  mind  was  too 
much  occupied  in  scientific  speculation,  and  in  the  promotion  of 
his  material  prosperity.  He  established  some  coal  mines  on  the 
hill-side  near  his  chapel  and  worked  them  with  profit.  It  was 
averred  that  his  spiritual  ministrations  and  his  commercial 
engagements  trenched  so  closely  upon  each  other  that  he  used 
frequently  to  be  found  paying  his  colliers  their  wages  on  the 
Sunday  morning  before  service ;  after  which  he  would  slip  into 
the  little  chapel  and  read  to  his  handful  of  hearers  a  few  pages 
from  a  sermon  book  that  had  previously  been  placed  in  readiness 
in  the  pulpit.  He  was  a  farmer  as  well  as  a  colliery  proprietor, 
and  minister  of  the  Gospel.    His  hens  were  penned  in  the  chapel 

♦  October,  1879. 
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grave-yard,  and  the  fodder  for  his  cattle  was  stowed  away  in  a 
portion  of  the  chapel  itself.  His  duties  and  engagements  were^ 
indeed,  of  a  multifarious  character,  and  he  was  looked  up  to  bj- 
the  villagers  for  assistance  and  counsel  in  all  kinds  of  difficulties. 
He  was  skilled  in  the  profession  of  medicine,  and  was  regularly 
called  upon  to  prescribe  for  the  benefit  of  his  neighbours  in  times 
of  sickness.  It  was  no  wonder  that  a  man  who  had  so  man}' 
engagements  apart  from  his  ministry,  should  find  his  congrega- 
tion gradually  dwindling.  The  Sunday  attendance  in  the  chapel 
was  sometimes  not  more  than  half  a  dozen,  and  so  matters  went 
on  until  the  Low  Moor  enterprise  began  to  occupy  his  thoughts, 
when  he  relinquished  his  spiritual  charge  and  thenceforth  was  to 
all  intents  and  purposes  a  man  of  business.'* 

Following  the  Low  Moor  Works,  those  at  Shelf,  near  Halifax, 
were  projected  about  the  year  1796,  commencing  the  manufacture 
of  pig  iron ;  these  works  were  acquired  at  a  later  period  by  the 
Low  Moor  Company,  while  in  the  year  1797  the  Botherham 
Works  were  established. 

The  make  of  pig-iron  in  the  West  Biding  of  Yorkshire  in  the 
year  1740  was  but  1,400  tons,  presumably  charcoal  iron,  the 
yield  of  six  furnaces.  In  the  year  1788  there  appears  to  have 
been  one  furnace  making  charcoal  iron,  and  six  furnaces  making 
ooke  pig  iron,  the  former  producing  600  tons  and  the  latter 
4,600  tons,  or  a  total  of  6,100  tons  in  1788.  Another  return 
gives  the  make  of  the  Bowling  furnaces,  between  the  years  1796 
and  1798,  as  about  2,000  tons  per  annum.  The  make  of  the 
Low  Moor  furnaces  about  the  same  period  being  2,678  tons  in 
1796,  and  2,668  tons  in  the  year  1798 ;  the  works  at  Shelf  in 
1798  are  stated  to  have  made  8,442  tons,  while  those  at  Bother- 
ham  produced  8,000  tons. 

The  total  make  of  pig  iron  in  England  and  Wales  in  1788 
was  61,800  tons,  of  which  13,100  tons  were  charcoal  pig  and 
48,200  tons  coke  pig  ii*on. 

The  information  arising  out  of  the  inquiry  instituted  in  the 
year  1796,  when  Mr.  Pitt  proposed  to  levy  a  duty  on  coals  at  the 
pit's  mouth,  presents  the  following  facts  bearing  on  the  make  of 
pig  iron  at  this  period.  The  return  referred  to  appears  imder 
three  heads,  the  figures  in  the  last  column  being  accepted  as  the 
quantities  produced.  The  names  of  the  Yorkshire  works,  and  the 
number  of  furnaces  are  also  given  with  details  of  production : — 

A  A  2 


356 


COAL  AND   IRON   INDUSTRIES. 


[part  ii. 


Works*. 

Number  of 
Furnaces. 

Excise. 

Siipposiicl. 

Exact, 

Bowling     .        .        .    . 
Wibsey  Moor 

Shelf 

Birkenshaw   . 
Thomoliffe         .        .     , 
Elsecar  .... 
Bretton      •        .        .     , 
Holmes  .... 

2 
2 
1 
1 
2 
1 
1 
3 

Tons. 

2,000 

2,000 

1,000 

780 

1,092 

800 

250 

6,000 

Tons. 

2,000 

2,000 

1,000 

780 

1,092 

800 

250 

6,000 

Tonn, 

2,000 

2,500 

1,140 

846 

712 

950 

250 

2,000 

Total     . 

> 

13 

13,922 

13,922 

10,398      ' 

Ten  years  later  another  return  is  available,  giving  the  number 
of  furnaces  in  the  district  as  26,  of  which  22  were  in  blast,  making 
27,646  tons  of  pig  iron. 

In  the  return  for  1796  the  total  production  of  the  furnaces  of 
Great  Britain  as  ascertained  appears  thus,  giving  an  average  per 
furnace  of  1,000  tons  per  annum  : — 


Furnaces. 

Pig  Iron. 

Excise   .... 
Supposed  .        .        .    . 
Exact     .... 

Xos. 
124 
124 
124 

Ton.-*. 

167,311 
152,545 
125,079 

The  following  gives  the  works,  furnaces,  and  owners,  as  well 
as  the  make  of  pig  iron  at  each  works  in  the  year  1806 : — 


XUnylra. 

Owners, 

FURNACES. 

Pig  Iron 
Made. 

Jl  OTK!% 

Built. 

In  Blast 

Sheffield  Park. 
Chapel  Town'  and 

Swallow  Hill  . 
Thorncliffe      . 
Bowling     .        .     . 
Low  Moor 
Shelf.        .        .     . 
Birkenshaw     . 
Benishaw  .        .    . 
Elsecar   . 

Bretton       .        .     . 
Holmes  and  Milton. 
Galden    . 
Eieldhead  .        .     . 

> 

Booth  &  Co.  .         .     . 

Swallow  &  Co.    . 

Chambers  &  Co.     .    . 
Sturges  &  Co.     . 
Jarratt  &  Co.          .     . 
Haydon  &  Co.    . 
Emmett  &  Co.        .     . 
Appleby  &  Co.    . 
Darwen  &  Co.        .     . 
Cook  &  Co. 
Walker  &  Co. 
Emmett  &  Co.    . 
Parker  &  Co. 

Total      . 

1 

3 

2 
3 
4 
3 
1 
1 
2 
1 
3 
1 
1 

Nos. 

1 

1 

2 
2 
4 
2 

1 
1 
2 
1 
3 
1 
1 

Tons. 
1,905 

3,737 

2,500 
2,473 
5,143 
2,716 

612 

975 
2,495 

250 
3,000 
1,040 

800 

26 

22 

27,646 
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The  Eenishaw  Works  clearly  belong  to  Derbyshire,  and 
diminish  the  make  of  pig  iron  in  Yorkshire  by  975  tons,  giving  a 
total  of  26,771  tons,  and  the  number  of  furnaces  as  21,  being  an 
average  of  1,275  tons  per  furnace. 

The  make  of  pig  iron  in  Great  Britain  in  the  same  year  was 
248,851  tons,  there  being  161  furnaces  in  blast,  of  the  216 
furnaces  built. 

Not  again  until  the  inquiry  instituted  by  the  Government  and 
presided  over  by  Mr.  F.  Finch,  in  the  years  1831-82,  does  any 
record  appear  indicating  the  progress  of  the  iron  industry.  The 
result  of  Mr.  Finch's  inquiry  does  not  show  any  great  expansion 
of  the  iron  trade  since  the  year  1806,  which  will  appear  from  the 
following  returns  of  production  for  each  of  the  years  1828  and 
1880  in  the  Yorkshire  furnaces : — 


Furnaces. 

1823. 

1830. 

Numbw  of 
Furnaces. 

Pig  Iron 
Made. 

Number  of 
Furnaces. 

PiR  Iron 
Made. 

Bowling 

Brierley     .        .        .    . 

Chapel  Town . 

Elseoar      .        .        .    . 

Holmes .... 

Low  Moor                 .    . 

Shelf     .... 

Milton       .... 

Sheffield  Park 

Thorndiffe        .        .    . 

Worsborough 

Total     .        .    . 

3 

1 
1 
3 
3 
4 
3 
2 
2 
3 
1 

Tons. 

5,366 

2,450 

1,400 

1,400 

2,000 

6,200 

•  •  • 
2,187 
2,018 
2,909 
1,381 

3 
2 
1 
3 
3 
4 
3 
2 
2 
3 
1 

Tons. 

5,117 
4,590 
1,631 
1,460 
1,000 

7,480 
1,715 
2,081 
2,188 
1,664 

26 

27,311 

27 

28,926 

The  total  make  of  pig  iron  in  Great  Britain  in  1828*  was 
455,166  tons  and  678,417  tons  in  1880,  the  number  of  furnaces 
in  each  of  the  same  years  being  respectively  266  and  872,  showing 
an  increase  in  seven  years  of  106  furnaces  and  228,251  tons ;  the 
increase  in  Yorkshire  being  one  furnace  and  1,615  tons. 

Advancing  to  the  year  1889,  Mushet  t  gives  the  make  of  22  fur- 
naces as  52,416  tons.  In  1840  Mr.  William  Jessop,  of  the  Butterley 
Iron  Works,  Derbyshire,  ascertained  that  the  Yorkshire  furnaces. 


*  For  details,  see  Appendix  II.,  p.  834. 
t  Papers  on  "  Iron  and  Steel,"  p.  421. 
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25  of  which  were  in  blast  out  of  32  built,  made  56,000  tons  of 
pig  iron ;  the  total  make  of  pig  iron  in  Great  Britain  the  same 
year  being  1,896,400  tons,  the  yield  of  402  furnaces  out  of  a  total  of 
490  furnaces  built.  A  few  years  later,  in  1843,  the  returns  show 
a  falling  off  in  production  to  the  extent  of  181,050  tons,  the 
make  in  1848  being  1,215,850  tons  compared  with  1,896,400 
tons  in  1840 ;  the  only  districts  in  which  an  increase  appears 
were  those  of  Northumberland  and  North  Staffordshire,  amount- 
ing to  but  16,000  tons.  On  the  other  hand  in  South  Stafford- 
shire the  falling  off  was  106,900  tons,  and  in  South  Wales  47,650 
tons  in  the  period  referred  to,  which  was  one  of  great  commercial 
depression.  With  the  development  of  our  railway  system  about 
this  time  a  new  impulse  was  imparted  to  the  iron  industries 
throughout  the  land ;  for  in  1847,  the  Yorkshire  furnaces,  28  of 
which  were  in  blast  out  of  a  total  of  28  built,  produced  67,600 
tons,  or  an  average  of  8,078  tons  per  furnace ;  the  make  of  the 
488  furnaces  in  Great  Britain,  out  of  a  total  of  628  built,  being 
1,999,608  tons. 

In  the  year  1851  the  following  list  of  works  in  operation  in  the 
northern  and  southern  divisions  of  the  West  Riding  of  Yorkshire 
shows  the  resources  of  these  establishments,  cold  blast  being 
principally  employed  in  the  furnaces : — 


Northern  Division. 

Southern  Division. 

Works. 

FURNACES. 

Works. 

furnaces. 

Built 

In  Blast 

Built    In  Blast 

Bowling . 

Bierley       .        .    . 

Pamley  . 

Low  Moor  .        .    . 

New  Begin     . 

Shelf.        .        .    . 

Total      . 

Nob. 
5 
4 
1 
3 
2 
1 

Nos. 
3 
3 
1 
1 
2 
0 

Chapeltown     . 
Elsecar  and  Milton . 
Holmes       .        .     . 
Parkgate 
1  Thomoliffe.        .    . 
Worsborough  Dale . 

Nos. 
2 
3 
2 
1 
4 
1 

Nos. 
1 
0 
1 
1 
2 
0 

16 

10    ; 

Total.        .     . 

13     1 

5 

The  make  of  the  furnaces  in  the  northern  division  in  1851  was 
25,000  tons,  and  in  the  southern  division  40,000  tons,  giving  an 
aggregate  of  65,000  tons  or  an  average  make  per  furnace  of 
4,388  tons. 
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Since  the  above  list  appeared,  the  works  at  Beeston  Manor* 
and  Thorpe  Hall  each  commenced  operations,  the  former  in  1855 
with  one  furnace  ;  in  1865  the  York  Boad  and  Hepworth  Works, 
the  former  with  two,  and  the  latter  with  one  furnace.  In  1868 
the  fiimaces  at  Ardsley,  near  Leeds,  of  the  West  Yorkshire  Iron 
and  Coal  Company,  Umited,  were  blown  in,  and  more  recently 
the  Atlas,  Aireside,  Charlton,  and  Tinsley  furnaces. 

Besuming  with  the  production  of  pig  iron  in  the  West  Biding 
of  Yorkshire,  the  annexed  summary  shows  the  number  of  furnaces 
built  and  in  blast  in  each  year  since  1851 : — 


FTBMACBS. 

1 

1 

FURNACES. 

Year. 

PIr  Iron 
Made. 

Year. 

Pfglron 
Made. 

1 

1 

Bnilt 

In  Blast 

1 

1 
1 

Built 

In  Blast 

Nob. 

Noa. 

Tons. 

p 

! 

Kos. 

Nos. 

Tons. 

1851 

29 

15 

65,000 

1867 

36 

25 

109,002 

1854 

28 

21 

73,444 

1868 

38 

22 

100,050 

1855 

32 

23 

90,840 

1869 

38 

23 

105,765 

1856 

34 

23 

96,200 

1870 

38 

22 

77,717 

1857 

36 

25 

117,000 

1871 

39 

25 

114.549 

1858 

33 

24 

85,936 

1872 

40 

29J 

148,636 

1859 

35 

25 

84,950 

1873 

40 

30 

151,511 

1860 

35 

25 

98.100      1 

1874 

44 

31 

163,856 

1861 

34 

27 

142,865      t 

1875 

50 

37 

267,153 

1862 

35 

26 

112,121 

1876 

49 

34 

235,451 

1863 

35 

24 

104,745      i 

.     1877 

48 

30 

229,027 

1864 

35 

25 

102.093 

1878 

48 

29 

219,547 

1865 

38 

29 

123,233 

1879 

49 

31 

218,805 

1866 

36 

29 

119,747      1 

1880 

47 

33 

306,560 

In  the  last-named  year  the  number  of  furnaces  in  operation  in 
Great  Britain,  and  the  pig  iron  produced,  was  as  follows : — 


Nnmber  of 
Furnaces. 

Fig  Iron. 

England 

Wales        .        .        .     . 

Scotland 

Total     .        .    . 

378 
76 
112^ 

Tons. 
5,752,683 
947,550 
1,049,000 

566j^ 

7,749,233 

From  the  above  it  appears  that  the  average  production  per 
furnace  in  1848  was  2,891  tons,  increased  to  8,924  tons  in  1860, 
and  9,200  tons  in  the  year  1880,  when  the  following  works  were 
in  operation  in  West  Yorkshire,  giving  the  number  of  furnaces 
built  and  in  blast,  as  well  as  the  owners : — 

*  Works  now  Btanding,  1881. 
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Y0BK8HIEB— West  Bmixa. 


No. 


3 
4 
5 
6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


Name  of  Works. 


Atlas 


Weat  Yorkshire,  Ardsley 

Beeston  Manor,  Ardsley 
Bowling,  Bradford 
Elsecar,  Bamsley     . 
Milton,  Bamsley 
Famley,  Leeds 
Holmes 

Parkgate,  Botherham 
Low  Moor,  Bradford 
Bierley    . 
Charlton,  Sheffield 
Thomcliffe,  Sheffield 
York  Road,  Leeds 
Airesidc,  Leeds 
Tinsley,  Sheffield 


{ 


Owners. 


John  Brown  &  Co.,  Limited 
AVest  Yorkshire  Iron  and  Coed 

Co.,  Limited 
A.  Harding  &  Co. 
Bowlinglron  Co.,  Limited 
Geoige  Dawes     . 


»j. 


»» 


Famley  Iron  Co.,  Limited  . 
Parkgate  Iron  Co.,  Limited 

Hird,  Dawson,  &  Hardy     • 

Charlton  Iron  Co.   . 
Newton,  Chambers  &  Co.    . 
York  Boad  Iron  and  Coal  Co. 
Aireside  Haematite  Iron  Co. 
AVilliam  Cooke  &  Co.,  Limited 

Total  of  West  Biding. 


ruRNAces. 

BoUt 

In 
Blast 

N08. 

N08. 

3 

3 

6 

3 

0 

0 

6 

2 

4 

4 

2 

2 

2 

2 

6 

6 

8 

5 

2 

0 

2 

2 

2 

1 

3 

3 

2 

0 

47 

S3 

Malleable  Iron  Works  (Mills  and  Forges)  and  Steel  Works. 
— The  manufacture  of  bai*  and  other  forms  of  iron  has  long  been 
carried  on  in  the  West  Biding  of  Yorkshire ;  indeed  the  works  at 
Kirkstall  are  amongst  the  oldest  in  the  kingdom,  and  they  still 
prosper.  A  recent  contribution  to  a  scientific  journal  gives  the 
following  interesting  account  of  these  works : — Situated  at  Bark- 
stall  Abbey,  near  Leeds,  and  from  which  there  is  no  doubt  but 
that  the  monks  at  that  place  many  generations  ago  were  ac- 
quainted with  the  manufacture  of  u'on.  The  abbey  was  founded 
between  the  years  1147  and  1168  by  monks  of  the  Cistercian 
Order,  whose  house  was  not  dissolved  till  the  year  1540,  its 
revenue  at  that  time  being  assessed  at  from  £8,000  to  £10,000 
per  annum.  In  digging  some  foundations  there  was  the  most 
complete  evidence  met  with,  that  iron  had  been  made  on  the 
ground  some  hundreds  of  years  ago ;  and  there  is  an  old  water- 
wheel  that  used  to  work  the  helves  upwards  of  two  hundred 
years  ago. 

The  works  as  they  are  now,  were  established  in  the  year  1779, 
by  the  ancestors  of  the  present  owners,  the  Messrs.  Butler,  and 
are  famous  for  the  production  of  railway  tyres,  axles,  and  bars, 
and  for  hydraulic  presses,  for  pressing  iron  and  steel,  one  having 
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been  made  on  the  Haswell  system,  capable  of  exerting  a  pressure 
of  something  like  1,400  or  1,500  tons.  The  works  are  also 
known  in  connection  witli  machines  for  straightening  and 
planishing  round  bars ;  as  well  as  steam-hammers  on  Naylor's 
system.  The  works  of  the  Kirkstall  Forge,  it  may  be  stated, 
cover  an  area  of  nearly  fourteen  acres,  and  when  in  full  operation 
give  employment  to  nearly  one  thousand  hands.  An  interesting 
fact  is  stated  by  ^Ir.  Butler  of  these  works,  that  the  Staffordshire 
iron  trade  in  some  measure  sprang  from  them,  inasmuch  as  two 
lads  went  from  Kirkstall  forge  into  Staffordshire,  and  tliere  set 
up  a  small  establishment,  where  they  made  bullet-iron.  These 
lads  it  appears  were  the  Thomeycrofts,  a  name  so  well  known  in 
connection  with  the  Staffordshire  iron  trade.  Again,  it  is  stated 
of  the  firm  of  Messi-s.  Bolckow  and  Yaughan,  that  the  father 
of  the  latter  turned  rolls  at  Kirkstall  forge  before  going  farther 
north.  The  Works  and  the  Abbey  are  amongst  the  most  inter- 
esting objects  to  be  seen  near  Leeds,  and  showing  the  antiquity 
of  the  works  in  connection  with  the  ruins,  there  is  a  cast-iron 
mullion  to  be  seen  in  one  of  the  windows,  which  must  have  been 
made  centuries  ago.  At  the  present  time  there  are  in  the  imme- 
diate vicinity  of  Leeds  and  Bradford  14  extensive  iron  works, 
and  in  the  districts  of  Sheffield  and  liotherham  16  works,  with 
an  aggregate  of  497  puddling  furnaces  and  129  rolling  mills,  of 
which  the  following  is  a  list : — 

Leeds  a^o)  B&iLDf  ord  District. 


No. 


2 

S 

4 

5 

« 

7 

8 

9 

10 

11 

12 

13 


Kniue  of  Works. 


Normantoii  . 

Honslet  Forgo 
Clarence 
Funley    . 
Kirkstall  Fonge 

Monk  Bridge 
Thombili 
Perseveranoe 
Bowling  . 
Low  Moor    . 
Thornton  Road 
Caldor  Vale  . 


14     HorVnry  Junction  • 
Total  of  msirict 


Name  of  Firm. 


(  Nomuiutou  iron  &  Steel ) 
I  Co.       .       .       .        f 
Coghlan  &  Dory 
Taylor,  Brotliers,  ft  Cu 
Famley  Iron  Co.     . 
The  Kirkstall  Foiige  Co 
8.  T.  Cooper  &  Co.     . 
Monk  Bridge  Iron  Co. 
E.  T.  Ingham  . 
J.  Whitham  ft  Son     . 
Bowling  Iron  Co.,  Lim. 
Hird,  Dawson  ft  Hardy 
Perkins,  Son,  ft  Barrett 
Samuel  Whitham 
(  Uorburv  Junction  Iron  ^ 
(  Co.,  Limited        .        > 


Nearest  Port  or 
Railway  Station. 


Noniuinton 

Leeds 
»»       • 
If 
»«       • 


»>       ■ 
Bnuiford 


Wakefleld 


>i 


No.  of 
Puddling 
Furnaces. 


25 
17 
16 
28 
13 
27 
9 

•  • 

20 

38 
7 

•  « 

13 


No.  of 
Rolling 
MiUs.  , 


6 
5 
5 
5 
6 
G 
3 


4 
8 
2 


213 


51 
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Sheffield  Aim  Hotherham  District. 


No. 

1 

2 
3 

4 

5 

6 
7 

8 

0 
10 
11 
12 
13 
14 
15 
16 

Name  of  Works. 

Name  of  Finn. 

Nearest  Port  or 
Railway  Station. 

No.  of 
Puddling 
Furnaces. 

No.  of 

Rolling 

Mills. 

J  Atlas  Steel  and  Iron  > 

(   (Swinton).                j 

Cyclops    .        .        .    . 

Gremistliorpe 

( Yorkshire  Steel  and ) 

{   Iron    Works,  Peni-} 

I  stone     .        .       .    j 

Millsands     . 

Wortley  .... 

Midland 

( Phoenix  Bessemer  Steel 

I  Works  .... 

Park  Gate     . 

Northfleld        .        .    . 

Klsecar 

Milton      .... 

Stockbridgo 

Kelliiun    .        .        .    . 

Tinsley  Iron  and  Steel 

Cliarlton 

Total  of  District . 

John  Brown  &  Co.,  Lini. 

Cli.  Cauimcll  &  Co.,  Liui. 
f*                    *i 

»f                    >> 

( Sheffield     Forge    and ) 
t    RollingMill8Co.,Lim.  f 
Tlumias  Andrews  ^  Co.   . 
Midland  Iron  Co.,  Liiu.  . 
Steel,  Tozer,  and  Hamp- 
ton, Limite<l 
Park  Gate  Iron  Co.,  Lim. 
Nuill,  Johnson  &  Edgar . 
George  Dawes     .       .    . 

i>         »i       •       •        • 
Samuel  Fox  &  Co.,  Lim. 
K<'lham  Rolling  Mills  Co. 
William  Cooke  &  Co.,  Lim.  < 
Charlton  Iron  Works  Co. 

Sheffield 

i»          ... 
»i               • 

It          ... 

»»               • 

•  »»          •       •    • 

Rotherham    . 

Sheffield    .        .    . 

It 

,,          ... 

Banisley 

Sheffield    *    .  *    ! 
»f          ... 
i» 
If          ... 

60 

61 
0 

0 

0 

16 
84 

0 

60 

•  « 

•  • 

26 

■  • 

19 

9 

1 

4 

8 

4 
4 

4 

G 

■  • 
•v 

1 

3 

•  • 
6 

•  • 

r»7 

74 



Coincident  with  tlie  development  of  our  railway  system  Shef- 
field more  especially  became  the  seat  of  many  new  branches  of 
iron  and  steel  manufacture,  such  as  rails,  tyres,  axles,  wheels, 
girders,  railway  waggons,  and  all  forms  of  forgings  and  castings 
for  fixed  and  rolling  stock,  armour  plates,  &c.  In  this  neigh- 
boui*hood  ai*e  situated  the  gigantic  establishments,  the  Atlas  and 
Cyclops,  which  have  for  years  exercised  such  an  important 
influence  in  connection  with  the  national  defences  of  the  empire. 
The  Atlas  works  commenced  operations  about  the  year  1867, 
under  the  auspices  of  Messrs.  John  Brown  and  Co.,  who  initiated 
the  manufactm*e  of  those  vast  plates  of  iron  which  have  in 
modern  times  contributed  to  the  armoured  covering  of  our  iron- 
clads, besides  other  heavy  iron  and  steel  works,  A  few  years 
later  the  Cyclops  steel  and  iron  works  were  founded  by  Messrs. 
Charles  Cammell  and  Co.,  and  these  two  firms  stand  unri- 
valled in  the  resisting  power  their  armour  plates  offer  to  the 
heaviest  ordnance  directed  against  them.  The  Messrs.  Cammell 
and  Co.  have  other  works  on  an  extensive  scale  at  Gremisthorpe 
and  Penistone,  at  the  former  of  which  the  manufacture  of  cast 
steel  is  carried  on,  also  the  manufacture  of  steel  by  the  Siemens 
Martin  process,  while  at  the  Penistone  Works,  known  as  the 
Yorkshire  Steel  and  Iron  "Works,  steel  is  made  by  the  Bessemer 
process,  which  has  rapidly  extended  of  late  yeai's  in  the  neigh* 
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bourhood  of  Sheffield  and  Botherham.  The  following  is  a  list  of 
those  important  establishments,  with  the  names  of  the  firms  and 
the  number  and  capacity  of  the  convertors  as  they  stood  in  the 
beginning  of  1881 : — 


Works. 


Atlas 

Bessemer  . 
Attercliffe . 
Cyclops     . 

Phooaix     . 

Stockbridge 
Yorkshire. 


Situation. 


Sheffield 


>» 


}» 


••  1 
■■  1 


Finns. 


John  13rown  &  Co.,  Limited 

Henry   Bessemer  &   Co. 

Limited . 
Brown,   Baily,   &  Dixon 

Limited     . 
Charles  Cammell   &   Co. 

Limited. 

Steel,  Tozer,  &  Hampton 
Limited     . 

Samuel  Fox  &  Co.    . 
Charles  Cammell  &    Co. 
Limited     . 


1 

Convertora. 

Capacity. 

No. 

Tons.  Cwt 

15 

7  10 

10    0 

n 

3    0 

6     0 

11 

4     0 

8    0 

(    2 

4    0 

8    0 

.     2 

6    0 

I    2 

2     0 

2 

5    0 

\i 

5     0 

7     0 

Coal  and  Iron  Ore  used  in  Mannfiictiire. — ^In  the  year  1840, 
according  to  Mr.  Porter,  F.E.S.,*  the  quantity  of  pig  iron  made 
in  Yorkshii*e  was  56,000  tons,  consuming  806,500  tons  of  coal  in 
its  manufacture,  being  an  average  of  near  five  and  a-half  tons  to 
each  ton  of  pig  iron  made.  In  the  year  1873,  Mr.  Joseph 
Wilcock,t  chief  engineer  of  Bowling  iron  works,  states  the  fol- 
lowing as  the  relative  quantities  of  materials  employed  for  pro- 
ducing one  ton  of  "  Bowling  pig  iron :" — 

MATKSIALS.  ToDS.   Cwts.  Qrs.    Lba. 

Bawore 3        3        3      27 

Calcined  ore 2        7        1      2G 

Limestone 0      18        2      12 

Coke 250y 

The  raw  ore  containing  32  per  cent,  of  metallic  iron,  increased 
to  42  per  cent,  by  calcination.  The  coal  employed  is  known  to 
yield  on  the  average  60  per  cent,  of  coke,  which  would,  convert- 
ing the  above  named  quantity  into  coal,  give  an  average  of  75 
cwts.  to  each  ton  of  pig  iron  made. 

Since  the  year  1872  the  quantities  of  coal  and  iron  ore  used  in 

♦  «♦  Progress  of  the  Nation,"  G.  R.  Porter,  F.R.S. 

f  Paper  read  at  Bradford  Meeting  of  British  Association  for  the  Advancement 
of  Bcieucc. 
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manufacture  were  as  follows ;  the  pig  iron  made  also  appears* 
The  increased  consumption  of  coal  in  the  West  Biding  furnaces 
it  will  be  remembered  is  due  to  the  employment  of  cold  blast, 
still  extensively  used  in  the  district : — 


Year. 

Pig  Iron. 

Cool  Uuetl. 

OreUfleO. 

Tons. 

Tons. 

Tons. 

1872 

148,636 

443,654 

490,000 

1873 

151,511 

493,976 

499,000 

1874 

163,856 

549,363 

526,000 

1876 

267,153 

695,657 

825,000 

1876 

235,451 

555,230 

730,000 

1877 

229,027 

635,712 

712,500 

1878 

219,547 

612,504 

695,000 

1879 

218,805 

656,775 

692,000 

1880 

306,560 

769,519 

945,000 

Taking  the  years  1872  and  1878  the  average  consumption  of 
coal  to  each  ton  of  pig  iron  made  was  65  cwts.,  the  average  of 
the  iron  ore  (uncalcined)  being  about  66  cwts.  The  economy  in 
the  use  of  coal  is  obsei*vable  here  as  in  other  districts ;  thus,  in 
1877  the  average  was  5Si  cwts. ;  in  1878  increased  to  66  cwts. ; 
while  in  the  past  year  it  did  not  exceed  50  cwts.  throughout  the 
district;  in  some  of  the  works  however  a  higher  average  was 
consumed.  In  tlie  consumption  of  ii*on  ore  the  proportion  is 
fairly  maintained,  the  returns  not  exhibiting  the  same  fluctua- 
tions from  year  to  year,  as  with  the  coal,  due  to  the  fact  that  as 
regards  the  iron  ore  tlie  retm'ns  give  tlie  raw  material  while  the 
coal  used  is  occasionally  recorded  as  coke,  its  equivalent  in  all 
€as6s  being  subsequently  ascertained. 


CHAPTER    III. 

YORKSHIRE— NORTH-RIDING  "(CLEVELAND    DISTRICT)    IRON 

INDUSTRIES. 

Geology  of — Analyses,  production  and  average  prices  of  Ore — Output  of  the  more 
important  Mines  —  Magnetic  Iron  ore  of  Rosedale — Mines  in  Cleveland 
District — Ironstone  Mining — Distribution  of  Ironstone — Population  employed 
in  Iron  Mining — Barrow's  Views  on  tlie  Mineral  Resources  of  the  district — 
Pig  Iron  Manufacture— Early  history,  production,  distribution,  and  average 
prices  of  Cleveland  pig — Coal  and  Ironstone  used  in  manufacture — Malleable 
Iron  and  Steel  Works — Production  and  average  prices  of  rails,  plates,  bars, 
and  angles — The  Thomas  Gilchrist  process  of  Steel  manufacture. 

Torksliire,  Vorth,  Biding  (Cleveland  District). — The  exist- 
ence of  an  iron  ore  on  tlie  North-Eastern  coast  of  Yorkshire 
appears  to  have  been  long  known ;  indeed  the  constant  discovery- 
of  iron  slag  on  the  hills  of  Cleveland  shows  clearly  that  ores 
were  worked  in  a  remote  antiquity.  About  thirty  years  since 
some  local  iron-masters  began  to  employ  the  Cleveland  ore,  to 
supplement  the  supply  of  ores  to  then*  furnaces.  It  answered 
well,  and  when  the  increased  demand  for  iron  ore  stimulated 
inquiiy,  it  was  found  that  the  ^Cleveland  Hills  were  full  of  iron. 
Then  began  that  remarkable  development  of  the  district  which 
can  scarcely  find  a  parallel  in  the  history'  of  any  British  industry. 
The  area  of  the  Cleveland  Hills  containing  the  deposits  of  iron 
ores,  extend  on  the  northern  escarpment  from  Ormesb}',  near 
Middlesborough,  to  the  coast,  and  southernly  to  the  Eskdale  and 
Bosedale  valleys;  the  workable  portion  of  the  iron  ore  being 
found  most  fully  developed  in  the  north-west  portion  of  the  area, 
diminishing  both  in  the  thickness  of  the  beds  and  the  quality  of 
the  ore  in  the  south  and  eastern  part  of  the  area. 

The  main  ironstone  seam  of  Cleveland  occurs  at  the  top  of 
the  "  Middle  Lias,"  or  marlstone  rock,  and  consists  of  a  bed  of 
ironstone  with  beds  of  shale  above  and  below ;  a  lower  seam, 
known  as  the  "Bottom  Seam,"  of  fair  quality  also  occurs.  This 
seam  is  comparatively  unimportant    in   the    area  of  greatest 
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development  of  the  main  seam,  but  acquires  considerable  import- 
ance  in  the  neighbourhood  of  Grosmont,  south-east  of  "Whitby, 
where  it  contrasts  favourably  with  that  bed.  At  Eston,  near 
Middlesborough,  on  its  northern  outcrop,  the  main  seam  attains 
its  greatest  thickness,  varying  from  12  to  17  feet.  Throughout 
the  main  seam  occurs  the  well  known  (Pecten  sequivalvis),  from 
which  it  is  called  Pecten  bed. 

The  same  strata  in  the  south,  in  the  neighboxu'hood  of  Gros- 
mont, attain  a  thickness  of  12  feet  of  ironstone,  but  with  shaly 
partings  of  nearly  80  feet  in  thickness,  the  ironstone  thinning 
out  towards  the  south,  where  at  Felixkirk,  three  miles  north-east 
of  Thirsk,  it  has  been  proved  to  exist  in  beds  of  six  and  seven 
inches,  with  shale  partings  of  three  feet. 

The  main  seam  at  Upleatham  is  18  feet  in  thickness  and 
undivided;  it  however  exhibits  various  appearances  throughout 
the  mass,  not  as  separate  bands,  but  one  structure  graduating 
into  the  other.  In  the  Yorkshire  Lias  the  following  detailed 
section  of  the  ironstone  series  at  Upleatham  is  given,  which  maj' 
be  generally  regarded  as  a  standard  of  reference.* 

Top  Block  or  Boof,  3  feet  thick,  consisting  of: — 

1.  A  brownish  compact  argillacoous  iTonstone  with  difTasod  oolitic  green 

grains. 

2.  Eather  more  oolitic  than  No.  1»  the  argillaceous  matter  more  difhised; 

small  phosphatic  nodular  particles  scattered  through  the  mass. 

3.  Similar  to  No.  1  but  more  oolitic. 

4.  Sulphur  bands. — A  rock  composed  of  oolitic  grains,  consisting  chiefly 

of  iron  pyrites.  An  analysis  giyes  30*25  per  cent,  of  siidphar — 
corresponding  to  56*71  per  cent,  of  bisulphide  of  iron. 

(This  band  was  formerly  worked  at  Eston,  and  applied  at  the 
Chemical  Works  at  Washington,  and  subsequently  at  Middles- 
borough  as  a  substitute  for  ordinary  pyrites.  It  generally  separates 
in  loose  ground  from  the  underlying  main  block  in  the  process  of 
mining,  and  when  sound  makes  an  excellent  roof ;  but  its  extreme 
liability  to  disintegrate  on  the  action  of  moist  air  necessitates 
caution  in  placing  reliance  upon  it.) 

Workable  Main  Seam,  10  feet  thick,  consisting  of : — 

5.  Top  part  of  main  block. — A  greyish  to  bluish  stone    colour,  not 

uniform,  somewhat  compact,  with  pebble-like  lumps  of  an  earthy 
substance  of  a  much  lighter  colour  than  the  ore  and  zinc  blende, 
occupying  centres  of  the  more  argillaceous  parts,  very  fossiliferous. 

♦  "  The  Yorkshire  Lias."    Tate  and  Blake,  p.  119. 
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6.  Middle  part  of  main  block,  about  5  feet  thick. — ^A  light  blue  stone, 

oolitic  in  structiu'e,  but  the  grains  of  variable  size,  with  crystals  of 
carbonate  of  iron  and  carbonate  of  lime.  The  dissolution  of  the 
crystals  haying  left  cavities  in  the  stone,  imparts  a  cinder*like 
aspect  to  this  part  of  the  seam  by  which  it  may  easily  be  recognised. 

7.  Lower  part  of  main  block. — A.  greenish  blue  stone,  rather  close  in 

texture,  and  of  a  finely  oolitic  structure.  A  strong  parting  separates 
it  from  the  underlying  stratum  near  the  outcrop. 

S,  £ottom  block  of  main  seam,  2  feet  thick. — A  compact  earthy  splintery 
rock  of  a  dark  green  colour,  partaking  of  the  character  of  a  hard 
mudstone,  and  perfectly  devoid  of  oolitic  structure,  which  prevails 
in  all  the  higher  parts  of  the  seam. 

(Analysis  shows  it  to  be  rich  in  alumina  and  silica,  but  the  per< 
centa^  of  iron  does  not  fall  much  below  the  average  of  that  of  the 
main  olock;  it  is  however  rejected  by  most  iron  smelters.  It  is 
called  by  the  miners  "  black  hard.") 

9.  A  bed  of  shale  1  foot  thick,  which  underlies  and  is  called  from  the 
prevalence  of  Rhynchonelloe,  which  are  occasionally  aggregated  in 
stony  lumps^  the  **  cockle*  bed."  It  yields  as  much  as  21  per  cent, 
of  metallic  iron,  the  other  chief  matter  being  alumina,  silica,  and 
lime. 

10.  Hard  shale  4  feet. 

11.  Bottom  seam  of  ironstone. — A  dense  blue  clay  ironstone,  speckled 

with  white  and  green — 2  ft.  8  in.  Fossils  not  abundant.  Pecten 
Aequitalvis  and  others. 

12.  Shale. 

The  main  seam,  near  Giiisborough,  at  the  Chaloner  Mines, 
lias  a  thickness  of  18  feet;  at  the  Noimanby  Mines,  near 
Middlesborough,  it  is  11  feet ;  while  at  the  Whitecliffe  and  the 
liiverton  Mines,  near  Loftus,  it  is  9  feet  6  inches,  with  a  shale 
parting  in  the  middle.  Again,  at  Ailesbury,  near  Swainby,  it 
Taries  from  6  feet  6  inches  to  6  feet  6  inches. 

Below  the  Middle  Lias,  at  the  top  of  which  is  the  ironstone 
main  seam  above  referred  to,  succeeds  the  Lower  Lias,  and 
immediately  above  occur  the  shales  of  the  Upper  Lias,  in  which 
exist  the  beds  of  alum  shale  and  jet,  which  have  given  rise 
to  these  important  industries,  of  which  Whitby  may  be  regarded 
as  the  centre. 

Above  the  Upper  Lias,  and  situated  at  the  base  of  the  sandy 
estuaiine  beds  of  the  Inferior  Oolite,  occurs  the  top  seam  of  iron- 
stone, known  as  the  ''  Dogger  bed,*'  and  which  has,  and  still  is, 
acquiring  much  importance  from  its  highly  magnetic  character, 
in  the  Kosedale  Abbey  Mines,  where  the  seam  is  upwards  of 
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20  feet  thick.  This  top  seam  is  regai*ded  as  the  equiyalent  of 
the  Northampton  sanely  and  3rields  a  much  higher  percentage  of 
metallic  iron  than  that  of  the  main  seam  of  Cleyeland.  The 
Cleveland  district  has  an  area  of  not  less  than  500  square  miles, 
and  reliable  authorities  affirm  that  every  acre  of  this  vast  area 
contains  ironstone,  though  it  remain*^  to  be  proved  what  propor- 
tion is  workable.  The  system  of  working  is  both  by  drifts  from 
the  outcrop  and  by  shafts,  which  are  sunk  in  places  dependant 
upon  the  position  of  the  ironstone,  which  is  usually  wrought  by 
the  bord  and  pillar  system. 

Analyses  of  the  Ironstone. — The  Cleveland  ore  of  Eston, 
examined  in  Dr.  Percy's  laboratory  in  the  Iloj'al  School  of  Mines 
by  Mr.  A.  Dick,  is  thus  referred  to.*  "  Description  :  chiefly  a 
carbonate  of  protoxide  of  iron ;  lustre,  earthy ;  colour,  greenish 
grey ;  streak,  similar ;  fracture,  uneven ;  showing  here  and  there 
small  cavities,  some  of  which  are  filled  with  carbonate  of  lime. 
Throughout  the  ore  are  diflfused  irregularly  a  multitude  of  small 
oolitic  concretions,  together  with  small  pieces  of  an  earthy  sub- 
stance resembling  the  ore  but  lighter  in  colour.  When  a  mass  of 
the  ore  is  digested  in  hydrochloric  acid  till  all  carbonates  and 
soluble  silicates  are  dissolved,  there  remains  a  residue  having  the 
form  of  the  original  mass  of  ore.  It  is  extremely  light,  and  falls 
to  powder  unless  very  carefully  handled.  It  contains  the  oolitic 
concretions  or  else  skeletons  of  them,  which  dissolve  completely 
in  dilute  caustic  potash,  showing  them  to  be  silica  in  a  soluble 
state.  Under  the  microscope  some  of  them  are  seen  to  have  a 
central  nucleus  of  dark  colour  and  irregular  shape,  but  none  of 
them  present  any  indication  of  organic  structure  or  radiated 
crystallisation .'  * 

"  If  the  residue,  after  having  been  digested  in  caustic  potash, 
be  washed  by  decantation,  there  remains  a  small  number  of  micro- 
scopic crystals ;  some  of  these,  which  are  white,  are  quartz,  and 
others,  which  are  black  and  acutely  pyramidal,  consist  chiefly  of 
titanic  acid.  Professor  Miller,  of  Cambridge,  succeeded  in 
measuring  some  of  the  angles  of  the  crystals  containing  titanic 
acid,  and  foimd  that  they  correspond  to  similar  angles  in  anatase. 
The  green  colour  of  the  ore  seems  to  be  due  to  a  silicate  con- 

•  Memoirs  of  the  Geological  Survey,  "  Iron  Ores  of  Great  Britain,"  Part  I.,  p,  95 
(out  of  print). 
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taining  peroxide  and  protoxide  of  iron^  but  this  could  not  be 
exactly  determined,  because  it  was  not  found  possible  to  dissolve 
out  the  carbonates  without  at  the  same  time  acting  upon  the 
silicate  of  iron.    The  constituents  are  as  follows : — 

Resttlts  Tabulated. — ^Obe  Dried  at  100''  G. 

Fn>toxide  of  iron 39*92 

Peroxide  of  iron 3*60 

Protoxide  of  manganese 0*95 

Alumina 7*86 

Lime 7*44 

Magnesia 3*82 

Potash 0*27 

Carbonic  add 22*85 

PhosphoTic  acid 1*86 

Silioa  soluble  in  hydrochloric  acid 7*12 

Sulphuric  acid trace. 

Bisulphide  of  iron 0*11 

Water  in  combination 2*97 

Organic  matter trace. 

In«>luble  residue  (of  which  0*98  is  soluble  in  dilute  caustic 

potash)  and  consists  chiefly  of  oolitic  concretions         .  1*64 

100*41 


Iron,  total  amount 33*62 

Insolttble  Besidue. 

SiUca  .        . 1*50 

Alumina,  with  a  trace  of  peroxide  of  iron      .        .        .    .  0*10 

Titanic  acid  about 003 

lime trace. 


1-63 


A  note  appended  to  this  analysis  states  that  *'  No  metal  pre- 
cipitable  by  sulphuretted  hydrogen  from  the  hydrochloric  acid 
solution  of  about  1,200  grains  of  ore  was  detected." 

Other  analyses  of  the  main  seam  of  ironstone  worked  at  the 
Normanby  mines  of  Messrs.  Bell  Brothers^  and  situated  to  the 
south-east  of  Eston,  and  at  the  Upleatham  mines  of  Messrs. 
J.  W.  Pease  and  Co.,  situated  about  three  miles  to  the  north-east 
of  Gulsboroughy  where  it  is  found  under  the  most  favourable 
conditions  as  regards  richness  of  metal,  give  the  following  con- 
stituents, the  metallic  iron  contained  in  the  Normanby  ore 
amounting  to  81*42  per  cent.,  and  the  Upleatham  ore  jdelding 
81*97  per  cent. : — 

B  B 
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Bbsults  Tabulated. 


ConstitQeiits. 


Protoxide  of  iron 
Peroxide  of  iron  . 
Protoxide  of  manganese 
Alumina 
Lime 

Masnesia     . 
Carbonic  acid   . 
Silica   .... 
Sulphur    . 
Phosphoric  acid  . 
Water       , 


Nonnanby. 


Upleatluun. 


38-06 
2-60 
0-74 
5-92 
7-77 
416 
22-00 
10-36 
0-14 
107 
4-45 


3707 
4-48 

12-37 

4-67 

2-69 

23-46 

10-63 

•  •  • 

1-17 
3-36 


97-27 


99-90 


The  iron  ore  obtained  from  the  Belmont  Mines,  near  Gois- 
borough,  is  very  similar  in  character  to  the  preceding,  but  from 
its  greater  density  and  compactness  it  would  seem  to  have  been 
derived  from  a  lower  measure.  The  ore  employed  at  the  South 
Bank  Furnaces,  Middlesborough-on-Tees,  is  described  as :  ^'  A 
dull  green,  earthy,  carbonate  of  iron,  with  silicate,  containing 
abundance  of  small  oolitic  concretions,  a  few  belemnite  stems,  and 
other  fossil  remains.  Small  crystals  of  quartz  of  zinc  blende,  and 
apparently  also  of  titanite,  were  found  in  the  specimen  examined.'** 

The  composition  of  these  ores  is  represented  by  the  following 

analyses : — 

Besults  Tabuiated. 


Constitnents. 

Belmont. 

South  Bank. 

Protoxide  of  iron 

39-00 

43-02 

Peroxide  of  manganese 

3-50 

2-86 

Protoxide  of  iron 

1-30 

0-40 

Alumina 

7-46 

6-87 

liime        .        . 

7-44 

6-14 

Mae;neBia     . 
Carbonic  acid   . 

3-82 

6-21 

23-06 

25-50 

Phosphoric  acid   . 

.  '          1-60 

1-81 

Silica  (soluble) 

'  i|      9-46 

(      7-12 
}      0-05 

Silica  as  quartz    . 

Titanic  acid 
Sulphide  of  zinc  . 

... 

•  .  a 

>   traces. 

Water  hygroscopic  . 

■     1       3-66 

(      0-34 
(      3-14 

Water  in  combination . 

Organic  matter 

•  •  . 

0-15 

100-30 

100-61 

"  Papers :  Cast-iron  ExperimentSi"  1858,  pp.  40  and  34. 
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The  metallic  iron  contained  in  the  Belmont  ore  amounts  to 
82*78  per  cent.,  and  in  the  Cleveland  ore,  employed  in  the  South 
Bank  Ironworks,  then  belonging  to  Messrs.  Samuelson  &  Co., 
85*46  per  cent. ;  it  being  observed  of  the  latter  ore  that  it  does 
not  contain  any  appreciable  amount  of  sulphur  nor  of  heavy 
metals. 

The  ironstone  raised  at  Hutton  Low  Gross,  near  Guisborough, 

was  examined  by  Mr.  Crowder.     The  samples  selected  of  the  ore 

from  three  parts  of  the  bed,  are  described :  (a)  as  grey,  hard, 

compact  and  heavy,  and  with  very  few  oolitic  grains ;  {b  and  c), 

as  a  softer  stone,  uneven  in  fracture,  and  containing  many  oolitic 

grains. 

Besttlts  Tabxtiated. 


Constituents. 

a. 

h. 

c. 

Protoxide  of  iron          .        .     . 

35-56 

35-75 

40-86 

Sesquioxide      .... 

1-70 

1-80 

4-25 

Alnmina 

3-79 

4-95 

3-44 

Lime 

4-20 

7-39 

3-80 

Magnesia 

1-12 

2-98 

3-70 

Sulphmic  acid .... 

trace. 

007 

0-30 

Silica 

20-90 

16-65 

7-20 

Oarbonicadd   .... 

25-18 

23-47 

32-50 

Phosphoric  acid   . 
Bisulphide  of  iron    . 

2-66 

5  05 

0-96 

trace. 

trace. 

1-60 

Water 

Iron,  total  amount  . 

4-90 

4-89 

1-45 

100-00 

102-00 

100-06 

28*84 

27-45 

34-75 

An  average  analysis  of  the   same  ironstone,  by  Bichardson, 
gives  the  constituents  as  under : — 

Bestjlts  TJlBTJULTED. 

Peroxide  of  iron    .        .        .        .' 42-08 

Protoxide  of  iron 0*68 

Alumina 10*40 

Lime 5-48 

Magnesia 1-84 

Silica 14-00 

Sulphur        .                •        .        .        .        .                .  ... 

Phosphoric  acid        •        •                        .        .        .  ... 

Carbonic  add  ) 24-22 

w  a ler        •      i 

98-70 

Iron,  total  amount         .        ...    33*09 

B  B  2 
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Mr.  John  Pattinson^  of  the  Clarence  Ironworks,  gives  the 
following  as  the  results  of  his  examination  of  the  Cleveland  raw 
ironstone,  and  of  the  same  ore  after  calcination :  * — 


Constituents. 


Protoxide  of  iron 
Peroxide  of  iron  . 
Protoxide  of  manganeee 

AlnTnina. 

Lime 


MaCTOsia 

OarDonic  acid   . 

Silica  .... 

Sulphur    .        . 

Phosphoric  acid  . 

Organic  matter 

Combined  water  . 

Water  expelled  by  drying  at  212 


Raw  Stone. 


34-04 
3-74 
0-3S 
9-32 
508 
3-65 
20-09 
10-04 
0-13 
113 
0-36 
2-53 
9-50 


99-99 


Calcined  Stone. 


58-30 
0-53 

13-07 
7-12 
5-12 

14-68 
0-18 
1-59 


99-99 


The  amount  of  metallic  iron  in  the  raw  stone  giving  29*09 
per  cent. ;  concentrated  in  the  calcined  stone  to  the  extent  of 
40*81  per  cent.,  the  loss  by  calcination  being  28*71  per  cent. 

The  magnetic  ironstone  of  Bosedale  has  been  wrought  in  two 
localities,  namely,  at  Bosedale  Abbey,  East  and  West  Mines,  and 
at  SheriflFs'  Mines.  The  first  two  analyses  are  those  of  Mr.  W. 
Crowder  and  Mr.  J.  Pattinson,  and  the  third  was  made  in  the 
Clarence  Laboratory  of  Messrs.  Bell  Brothers.  The  Bosedale 
Abbey  stone  is  chiefly  smelted  at  the  Ferry  Hill  Ironworks, 
Durham,  and  to  some  extent  as  a  mixture  at  other  works.  In 
quality  the  iron  is  stated  to  be  like  that  which  is  obtained 
from  the  main  beds  of  ironstone  in  Cleveland. 

The  Ingleby  stone  occurring  among  the  oolitic  rocks  being 
thin  and  expensive  to  work  has  long  since  been  abandoned. 
Mr.  I.  L.  Bell  states  a  few  hundred  tons  were  smelted  without 
admixture  at  the  Clarence  Works.  "  The  content  of  iron  was 
verified  as  being  superior  to  the  ordinary  Cleveland  main  seam, 
but  the  metal  in  quality  did  not  differ  from  the  usual  make  of 
the  district." 


*  TransactioDB  of  Soath  Wales  Institute  of  Mining  Engineers,  vol.  vi.  p.  286. 
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RE8m.T8  TJlBTTULTED. 


ROBEDALE  ABBEY. 

Constituents. 

Ingleby 
Stone. 

Black  stone. 

Blue  Stone. 

Protoxide  of  iron 

•  •  • 

33-86 

41-14 

Peroxide  of  iron  .                .     . 

64-90 

32-67 

7  07 

Peroxide  of  manganese 

•  «• 

0-69 

0-94 

Alumina 

9-25 

315 

4-71 

Lime 

3-53 

2-86 

3-32 

Potash 

... 

•  •  • 

0-20 

Magnesia         .... 

0-99 

1-59 

3-34 

Silica 

6-70 

6-95 

7-37 

Loss  by  heat    .... 

1616 

•  •  • 

.  *• 

Carbonic  acid       .                 .     . 

•  •  * 

10-36 

26-00 

Phosphoric  acid 

Bisulphide  of  iron                .     . 

•  •  • 

1-41 

1-36 

•  •  • 

0-03 

008 

Water 

«  •  • 

4*60 

4-24 

100-62 

9816 

99-77 

The  metallic  iron  contained  in  these  ores  amounts  respec- 
tively to  45'43  per  cent.,  49*20  per  cent.,  and  36*95  per  cent. 
The  Bosedale  ore,  employed  some  years  since  at  the  works  of 
the  Consett  Iron  Company  in  a  calcined  state,  gave  very  satis- 
factory results :  682  tons  8  cwts.  of  calcined  stone  produced 
844  tons  18  cwts.  of  pig-iron  ;  and  at  the  Park  Gate  Ironworks, 
near  Kotherham,  the  raw  stone  was  found  to  3rield  45  per  cent, 
of  metallic  iron. 

The  Pecten  and  Avicula  beds  of  ironstone  are  worked  by  the 
Messrs.  John  and  Thomas  Bagnall,  also  the  Dogger  bed,  at 
Grosmont.  The  two  first-named  beds  are  well  developed  at 
Grosmont  Hall,  about  six  miles  south-west  of  Whitby,  and  one 
mile  south-east  of  Eston,  in  the  following  section : — 

SirocEssioir  of  Beds.* 

Ft.  In. 

1.  .Shale  and  bands  and  doggers  of  ferro-argillaoeous  stone    27    2 

2.  "Main"  or  *' Pecten  Seam"  of  Ironstone  .        .        ..46 

3.  Shale  and  doggers 31    0 

4.  •*  Bottom"  or"  Avicola  Seam" 3    9 


Total  thickness 


66    5 


These  ironstones,  examined  by  Mr.  Charles  Tookey,  in  Dn 
Percy's  laboratory,  exhibit  the  following  constituents :  t — 

*  "  The  Yorkshire  Lias,"  Tate  and  Blake,  p.  147. 
t  Dr.  Percy's  Metallurgy,  "  Iron  and  Steel,"  p.  223. 
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JtESULTS  TABTTIATED. 


Avicola 
Bed. 

Pecten 
Bed. 

DOOOEB  BKD. 

vozib  vi  bueniB. 

a. 

h. 

e. 

Protoxide  of  iron 

Protoxide  of  manganese 

Alumina  . 

liime  .... 

Magnesia 

Carbonic  acid      .        .     . 

Phosphoric  acid 

Water 

Ignited  insoluble  solutioi 

L 

33-17 
0-60 
3-92 

11-90 
4-52 

28-00 
0-48 
3-65 

13-22 

34-98 
0-48 
3-20 

11-96 
4-51 

29-20 
1-30 
3-30 

10-04 

32-78 
0-46 
M8 
6-44 
4-58 

26-13 
0-19 
2-80 

24-10 

22-30 
0-50 
2-10 

11-80 
3-96 

24-40 
0-30 
3-20 

30-96 

40-77 
0-67 
1-32 
4-08 
6-34 

31-80 
006 
2-70 

12-36 

99-36 

98-97 

98-65 

99-52        99-10 

Ignited  Insoluble  Solution. 

Silica 

9-42 

8-00 

18-12 

23-10 

8-80 

Iron,  total  amount  . 

1 

25-80    !    27-21    i    25-50 

17-34 

31-71 

In  the  following  table  will  be  found  some  of  the  more  im- 
portant localities  in  Cleveland  in  which  ironstone  is  raised,  and 
which  has  been  examined^  together  with  the  name  of  the  analyst 
and  the  amount  of  metallic  iron  : — 


Name  of  Mine. 


AnalyHt. 


Metallic  Iron 
per  cent. 


Eston        .        . 

Normanby  . 

Upleatham 

Belmont 

South  Bank 

Hutton  Low  Gross  (a.) 

» »  » »       \p*) 

Hutton  Low  Gross   . 

Gleyeland  CR&w) 
,y         (Galcined) 

Bosedale  (Black  Stone) 
,,        (Blue  Stone) 

Ingleby  Stone 

Gxosmont  TAyicula  Bed) 
,,  (Feoten  Bed) 

Dogger  Bed  (a.' 

(c, 
Spa  Wood    . 
Kirkliam  . 
Sleight's  Bridge 
Gbx>smont  Tunnel 


Mr.  A.  Dick 
Mr.  1.  L.  BeU 

>> 
Professor  F.  A.  Abel 

>» 
Mr.  W.  Growder 

>} 

»» 

Mr.  Bichardson 

Mr.  John  Pattinson 

Mr.  I.  Lowthian  Bell 
Mr.  Gharles  Tookey 

>» 
Thomas  Allison 

.  *• 

Mr.  W.  Growder 

9* 


33-62 
31-42 
31-97 
32-78 
35-46 
28-84 
27-45 
34-75 
33-09 
29-09 
40-81 
45-43 
49-20 
36-95 
25-80 
27-21 
25-50 
17-34 
31-71 
31-00 
34-00 
29-83 
28-60 
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Ptoduotum  of  Zroiurtone. — Originally  it  appears  that  the  iron- 
stone of  Cleveland  was  collected  on  the  beach^  and  this  was  done 
from  an  early  date.  Mr.  I.  Lowthian  Bell  mentions  *  that  for  the 
Whitehill  Furnace,  built  in  1745  and  abandoned  before  the  end  of 
the  last  century,  ironstone  was  gathered  in  Bobin  Hood's  Bay  and 
conveyed  by  water  to  Picktree-on-the-Wear,near  Chester-Ie-Street, 
and  carted  from  that  place  to  the  works.  Soon  after  the  year  1800 
the  T3me  Iron  Company  obtained  ironstone  in  a  similar  way 
from  the  beach  between  Scarborough  and  Saltbum ;  and  accord- 
ing to  Bewick,  in  his  work  on  the  Cleveland  ironstone,  the  firm 
commenced  between  the  years  1816  and  1820  to  tear  up  the  stone 
from  its  bed  at  different  parts  of  the  coast.  It  is  stated  that  the 
discovery  of  the  ironstone  was  due  to  a  Mr.  Wilson,  then  a 
partner  in  the  Tyne  Iron  Company's  Works,  who  pointed  out  its 
position  at  Grosmont,  about  five  miles  from  Whitby,  about  the 
year  1886. 

The  seam  being  4^  feet  thick  was  cheaply  worked,  the  stone 
sent  down  the  railway  and  shipped  at  all  seasons  for  the  Tyne, 
where  it  would  at  that  time  cost  about  9s.  per  ton.  It  is  probable 
that  ultimately  as  much  as  from  80,000  to  100,000  tons  of  it 
were  annually  smelted  in  the  North-country  furnaces. 

The  Whitby  Stone  Company  commenced  operations  on  the 
Grosmont  Seam,  known  as  the  *^  Pecten  Seam/*  and  in  May,  1886, 
sent  their  first  cargo  of  55  tons  to  the  Birtley  Ironworks.  A 
second  quantity  was  subsequently  received  by  the  same  company 
but  rejected;  however  the  stone  was  again  tried,  and  finally 
permanent  contracts  were  entered  into  in  1888.  About  the  same 
time  this  ironstone  was  also  wrought  at  two  villages,  KetUeness 
and  Staithes,  the  one  about  five  and  the  other  ten  miles  nearer 
the  mouth  of  the  Tees  than  Whitby ;  and  about  the  year  1842  a 
blast  furnace  was  erected  at  Walker,  being  the  first  specially 
constructed  for  smelting  what  was  then  known  as  Whitby  or 
Yorkshire  stone. 

In  the  meantime,  that  is  in  the  year  1840,  Messrs.  Bolckow  & 
Yaughan  established  themselves  as  bar-iron  manufacturers  at  the 
town  of  Middlesborough,  and  five  or  six  years  afterward,  like 
others  elsewhere  before  them,  mistaken  in  the  extent  of  local 
deposits  of  ironstone,  were  induced  to  erect  four  blast  furnaces 

*  **  Huiiifactare  of  Iron,  Tyne,  Wear,  and  Tees :  '*  Brituh  AflsooUtion  Beport,  1863. 
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on  the  South  Durham  Coal-field  at  Witton  Park,  about  25  miles 
west  of  their  works  at  Middlesborough*  A  very  short  time  sufficed 
to  dispel  the  illusion,  and  about  the  year  1846  they  also  became 
dependent  upon  Whitby  for  their  supplies  of  ore.  The  mineral 
was  conveyed  thence  by  vessel  to  their  works  on  the  Tees, 
unloaded,  sent  up  by  rail  to  Witton  Park,  and  brought  back 
to  Middlesborough  in  the  form  of  pig-iron;  although  a  bed  of 
stone  identical  with  that  from  which  it  was  worked  lay  within 
four  miles  of  the  wharf  where  they  were  unloading  the  sea-borne 
cargoes  from  Whitby.  Previous  to  the  ironstone  being  worked 
from  the  seams  at  Kettleness  and  Staithes,  that  which  had  been 
gathered  on  the  beach  consisted  chiefly  of  water-worn  masses. 
So  far  back  as  1822  the  series  of  beds  of  ironstone  at  Boulby 
were  estimated  by  Young  and  Bird  to  have  an  aggregate  thick- 
ness of  15  feet ;  but  the  main  deposit  itself  appears  to  have 
been  mistaken  by  those  writers  for  limestone.  Guided  probably 
by  detached  masses  which  had  fallen  from  the  cliff  along  which 
it  runs,  the  Great  Cleveland  ironstone  was  discovered  about  1849 
by  John  Roseby,  a  practical  miner,  in  the  valley  of  Skinningrove. 

In  September,  1850,  the  first  ton  of  ironstone  was  worked 
from  Eston  Hill  for  trial  at  the  Witton  Park  works.  Previous  to 
this  the  Valley  of  the  Esk,  and,  to  a  small  extent,  the  coast, 
furnished  the  necessary  ironstone.  Subsequently  the  quantity 
raised  on  the  coast  was  increased  a  little  in  consequence  of  the 
seam  near  Skinningrove  being  recognised  as  containing  more 
iron. 

Commencing  with  the  year  1854,  when  returns  of  production 
first  appear,  650,000  tons  of  ironstone  were  raised  in  the  Cleve- 
land district,  increased  to  865,800  tons  in  1855,  and  1,148,488 
tons  in  1856.  Additional  quantities  were  obtained  in  each  of  the 
same  years  from  the  Esk  Valley,  and  the  coast,  amounting  in 

1855  to  105,000  tons,  and  in  1856  to  98,124  tons ;  bringing  up 
the  total  production  of  Cleveland  in  1855  to  970,800  tons,  and  in 

1856  to  1,246,612  tons.  The  detailed  production  of  the  mines 
for  the  year  1856  are  thus  given  by  Mr.  John  Marley  in  his 
paper.*  This  memoir  contains  much  important  matter,  and 
gives  an  account  of  the  ironworks  then  in  operation,  and  the 
several  mines  in  Cleveland  from  whence  the  works  received  their 
supply  of  ironstone : — 

♦  *'  Memoir  on  Cleveland  Ironstone,  &c.,"  1867. 
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VAMXa  or  MIHSS. 

Eston     .... 
Hutton  Lowcrop  or  Codhill 
TJpleatham     . 
Normanby. 

Belinont  or  Belmont  Bank 
Rosedale  ClifT  and  Staithes 
South  of  Staithes    . 
Baithwaite 
Sleight's  Bridse      . 
Eekdale  Iron  Company 
Whitby  Stone  Company 
**  The  Quarry,"  Rosedale  . 


QUANTITIES. 

568,156  tons. 

217,263 

171,360 

131,675 

73,164 

23,500 

12,600 

5,916 

11,260 

5,438 

22,500 

4,000 


Total 


1,246,612 


In  the  following  year  (1857)  seven  new  mines  were  in  operation, 
increasing  the  production  in  that  year  to  1,414,155  tons,  of  which 
7,500  tons  was  magnetic  ore  obtained  from  the  deposits  at  Bose- 
dale  Abbey.  In  1857  and  subsequent  years  the  production  of  the 
Cleveland  Hills  will  be  seen  in  the  annexed  table,  with  the 
number  of  mines  producing  ironstone  in  each  year : — 


Year. 

Number  of 

Ironstone 

Year. 

Number  of 

Ironstone 

Mines. 

Raised. 

Mines. 

Raised. 

Tods. 

Tons. 

1857 

17 

1,414,156 

1869 

16 

3,094,678 

1868 

17 

1,367,396 

1870 

17 

4,072,888 

1859 

16 

1,620,342 

1871 

21 

4,581,901 

1860 

17 

1,471,319 

1872 

31 

4,974,950 

1861 

17 

1,242,514 

1873 

35 

5,617.014 

1862 

16 

1,689,966 

1874 

35 

6,614,322 

1863 

13 

2,078,806 

1876 

39 

6,121,794 

1864 

14 

2,401,890 

1876 

36 

6,662,000 

1866 

20 

2,762.359 

1877 

33 

6,284,545 

1866 

19 

2,809,061 

1878 

29 

5,606,639 

1867 

17 

2,739,039 

'     1879 

29 

4,750,000 

1868 

16 

2,785,307 

1     1880 

29 

6,486,664 

Considerable  difficulty  stands  in  the  way  of  getting  the  exact 
value  of  the  ironstone  raised  in  Cleveland*,  chief  among  them 
being  the  large  proportion  which  is  consumed  in  the  furnaces  of 
the  mine  owners,  and  in  regard  to  which  there  is  therefore  no 
sale,  and  the  further  large  proportion  which  is  to  be  delivered 
under  contracts  made  many  years  since  and  having  many  years  to 
mn,  at  prices  which  are  no  guide  to  the  existing  values.  Iron- 
stone was  selling  in  Cleveland  in  1860  at  6«.  per  ton,  ten  years 
later  the  average  price  was  5«.,  at  which  price  it  continued  during 
I87I9  rising  in  the  following  year  to  Is.  6d,  per  ton,  the  highest 
average  price  ever  reached.  During  1874  it  averaged  6s.  per  ton, 
and  since  that  date  has  continued  to  fall. 
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In  the  year  1875  the  question  of  value  was  carefully  considered 
by  "  The  Mine  Owners*  Association/*  and  the  average  price  given 
was  4«.  per  ton  net  at  the  mines.  Again,  in  1876,  the  average 
price  was  given  as  varying  from  3«.  4d.  to  3«.  9d.  per  ton ;  and 
in  1877,  from  3s.  to  3«.  6d.  per  ton ;  the  same  prices  existing  in 
1878.  When,  in  1877,  it  became  difficult  to  work  the  mines  to 
advantage,  and  this,  with  a  decreasing  demand,  led  to  the  closing 
of  many  of  them,  prices  again  fell,  and  in  1879  the  average  prices 
given  were  from  2s.  9d.  to  Ss.  8d.  per  ton,  increased  in  1880  to 
from  3s.  Sd.  to  3s.  9d.  per  ton,  these  prices  having  been  adopted  as 
the  nearest  approach  to  the  correct  value  that  could  be  arrived  at. 

The  detailed  production  of  the  mines  in  Cleveland  in  the  year 
1880  is  given  in  the  following  statement,  showing  an  increase 
over  the  previous  year  of  1,736,654  tons  : — 


No. 

Names  of  Mines. 

Quantities. 

'              Value, 

Tons. 

Cwts. 

£              s.      </. 

1 

Ailesbury  (Swainley)    . 
Belmont  (Guisborough)    .     . 

66,042 

0    ^ 

2 

110,148 

15 

3 

Boosbeck            „ 

486,695 

12 

4 

Brotton  (Saltbnrn)   .         .     . 

510,302 

4 

5 

ChaloneiMGuisborougb 
Cragg's  Hall  „         .        .     . 

♦260,000 

0 

6 

257,4^1 

18 

7 

Carlin  How    ,,      • 

115,465 

12 

8 

OlifF                „         .        .     . 

58,332 

10 

9 

Eston  (Middlesborough) 

1,037,654 

0 

10 

Grosinont  (York)      .         .     . 

134,671 

0 

11 

Huntcliffe  (Saltbum)    . 

173.1^7 

7 

12 

Tiane  Head  (Eosedale)      .     . 

3,109 

16 

13 

Lingdale  (Guisborough) 

98,531 

6 

14 

Lofthouse  (Loftus)    .        .     . 

584,049 

16 

15 

Long  Acres  (Saltburn) . 

240,315 

^ 

1,135,164    12   0 

16 

Normanby  (Middlesborough) 

160,405 

6 

17 

Ormesby                  „ 

144,609 

12 

18 

TCirkleatham  (Eedcai')       .     . 

92,615 

7 

19 

Park  Pit        ... 

393,787 

6 

20 

Port  Mulgi'ave  and  Grinklo  . 
Eosedale  West 

170,576 

0 

21 

6,079 

0 

22 

Slapewath  (Guisborough) 

47,114 

18 

23 

Spa                      „ 

108,055 

19 

24 

Spa  Wood            „             .     . 
Skelton  (Marske)  . 

15,271 

9 

25 

117,182 

19 

26 

Skelton  North  rSaltbum)      . 
Stanghow  (Saltoum)     . 

247,735 

3 

27 

29.541 

16 

28 

Upleatham  (Marske)         .     . 

794,886 

15 

29 

Sundry  Mines 

Total  of  North  Biding  of) 
Yorkshire    .         .        .     J 

22,826 

12  J 

6,486,654 

18 

1,135,164    12   0 

*  Estimated. 


CHAP.  III.]     YORKSHIRE  (NORTH  RIDING)  IRON  INDUSTRIES.    879 


As  showing  the  extent  of  production  in  some  of  the  mines 
wrought  for  a  quarter  of  a  century,  the  following  have  been 
selected,  viz.,  Eston,  Normanby  and  Upleatham,  giving  the  total 
output  in  each  year  since  1866  : — 


Year. 

Eston. 

Nonnanby. 

Upleatham. 

Tons. 

Tons. 

Tons.            i 

1856 

568,156 

131,575 

171,360 

1857 

562,473 

159,898 

171,366 

1858 

507,265 

166,785 

190,306 

1859 

638,620 

204,260 

265,524 

1860 

613,391 

186,152 

391,410 

1861 

565,285 

83,471 

288,191 

1862 

608,420 

235,758* 

433,139 

1863 

633,206 

140,348 

573,613 

1864 

639,404 

148,417 

689,940 

1865 

685,980 

139,417 

719,998 

1866 

710,156 

147,213 

753,022 

1867 

665,975 

t 

840,577 

1868 

715,248 

169,769 

872,335 

1869 

761,594 

t 

892,771 

1870 

831,787 

215,615 

959,648 

1871 

532,821 

256,023 

1,034,530 

1872 

t 

254,272 

811,579 

1873 

705,228 

221,485 

711,360 

1874 

569,240 

224,821 

585,416 

1875 

571.621 

238,107 

640,905 

1876 

581,978 

199,254 

662,200 

1877 

592,478 

238,152 

613,744 

1878 

557,982 

228,430 

732,139 

1879 

540,749 

239,098 

714,075 

1880 

1,037,654 

160,405 

794,886 

The  mines  above  referred  to  belong  respectively  to  Messrs. 
Bolckow  &  Yaughan,  Messrs.  J.  W.  Pease  &  Co.,  and  Messrs. 
Bell  Brothers,  who  also  possess  many  other  mines  in  the  district. 

During  the  past  few  years  the  mines  in  the  neighbourhood 

of  Saltbum-by-the-Sea  and  Guisborough  have  produced  ironstone 

in  the  following  quantities : — 

Saltbttrn-by-the-Sea. 


YeMT. 

Brotton. 

Cragg's  Hall. 

Huntclifle. 

Skelton. 

North  Skelton. 

Soath  Skelton. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1872 

392,783 

196,508 

180,473 

• .  • 

166,419 

4,034 

1873 

375,334 

169,507 

173,221 

157,755 

165,279 

133,492 

1874 

337,783 

198,000 

184,425 

158,636 

157,755 

182,253 

1875 

384,436 

217,639 

145,487 

148,776 

137,133 

314,237 

1876 

403,309 

179,639 

121,613 

206,003 

278,097 

437,872 

1877 

458,163 

175,211 

166,326 

20,649 

297,193 

379,112 

1878 

481,631 

171,992 

190,716 

... 

191,732 

236,682 

1879 

410,334 

167,676 

198,896 

10,029 

201,843 

133,403 

1680 

510,302 

257,492 

173,167 

•« . 

247,736 

117,182 

*  Inoladixig  Skelton. 


t  Included  in  other  retorns. 
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Those  named  around  Guisborough  being  as  follows^  in  each  of 
the  years  since  1872  : — 


Tear. 

Boosbeek. 

Chaloner. 

Slapewatli. 

Si>a. 

Spa  Wood. 

Belmont. 

Tom). 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1872 

•  *  ■ 

15,831 

47,547 

•  •  • 

•  •  • 

181,068 

1873 

4,785 

100,513 

52,000 

•  •  • 

*  •  • 

134.965 

1874 

133,316 

150,393 

25,000 

•  •  • 

•  •  • 

172,805 

1875 

222,637 

207,694 

51,368 

111,861 

83,536 

161,185 

1876 

237,978 

207,894 

73,298 

91,270 

69,301 

117,000 

1877 

265,870 

234,995 

78,001 

75,662 

45,303 

57,301 

1878 

288,210 

322,332 

80,542 

60,825 

83,536 

8,967 

1879 

318,659 

261,392 

26,236 

64,556 

3,698 

34,352 

1880 

486,695 

260,000 

47,119 

108,056 

15,271 

110,148 

Other  mines  have  exceeded  the  output  of  many  of  the  above, 
notably  the  Kirkleatham  at  Redcar,  the  Loftus  at  Lofthouse,  and 
the  Liverton  at  the  same  place. 

The  Rosedale  Abbey  Estate,  which  has  acquired  some  celebrity 
from  its  possession  of  rich  and  extensive  deposits  of  magnetic  iron 
ore,  occurring  in  pockets,  has  an  area  of  5,530  acres,  of  which  2,880 
acres  are  under  cultivation.  Of  this  estate  a  writer  in  the  New- 
castle Chronicle  says :  "  Not  until  the  North  Yorkshire  and  Cleve- 
land Railway  had  been  transferred  to  the  North-Eastern  in  1859, 
and  the  latter  company  began  to  carry  out  to  completion  the  line 
by  extending  it  from  Stokesley  to  Grosmont,  and  by  forming  the 
Bosedale  Branch  to  Ingleby  a  year  after  the  date  last  named,  was 
there  any  likelihood  of  enlarged  mineral  traffic  from  the  dale.  In 
1861  the  Bosedale  Branch  was  completed,  and  from  that  date,  for 
years,  the  mineral  output  of  the  mines  began  to  increase."  This 
development  appears  in  the  following  table,  the  output  of  the  year 
1857  amounting  to  7,500  tons  : — 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1861 

79.786 

1871 

314,394 

1862 

219,123 

1872 

303,205 

1863 

224,889 

1873 

560,668 

1864 

297,580 

1874 

473,140 

1865 

250,000 

1875 

383,914 

1866 

230,382 

1876 

383,827 

1867 

178,227 

1877 

344,487 

1868 

210,082 

1878 

234,150 

1869 

269,595 

1879 

25,592* 

1870 

317,000 

1880 

9,188 

*  Mines  closed  in  March,  1879,  and  operations  resumed  by  a  new  company  in 
1880,  when  the  above  quantity  was  raised,  the  value  at  the  pits  being  about  St. 
per  ton  put  in  trucks. 
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The  ironstone  mines  of  Cleveland,  their  situation  and  proprie- 
tors, were  as  follows  in  the  year  1881 : — 

Cleveland  asb  Whitby  District. 


No. 


2 

3 

4 
5 
6 
7 

8 

0 
10 
11 
12 
IS 
14 
15 
16 
17 

18 

19 
20 


21 

22 
23 

34 

25 
90 

27 

28 

29 

30 
31 
32 

33 

34 
35 

36 
87 


Name  of  Mine. 


Ailesbary  . 

Huntcliff  .    . 

Cliff  .... 
Carlin  How  .        .    . 
Nomumby 
Park,  in  Cleveland  . 
Skelton        .       .    . 

Chaloner  . 

Eaton   .... 
Longacres . 
Skelton,  North    .    . 
Cragg'a  Hall     . 
Lingdale  .    . 

LofUiouae . 
Tocketta      .       .    . 
Upleatham 
WUtecUffe 

Liverton      .       .    . 

North  Loftus    . 

Port  Mnlgrave  and 
Grinkle   .       .    . 

Rosedale  Abbey,  East 

„  Weat 

„        Sherriff 

Oroamont    . 

Brotton     . 
Califumia 

Belmont   . 

Spawood 

Kirkleatham 

Booabeck 

Slapewath 

Onneaby 

Skelton,  South 

Spa 

Lane  Head 

Winteigill    . 
Stanghow . 


Situation. 


Svrainby    .        ,        -j 
Saltbum-by-the-Sea . 


It 


Middleabro'  .       .    . 
Skelton     . 
Marake-by-the-Sea   . 

Guiaborough    .        j 

Middleabro'-on-Toea 
Saltbum*. 


t» 


Gnuborough 

Loftua 

Guiaborough 

Marake-by-the-Sea 

Saltbum 

Loftua 

Saltbum 

Near    Saltbum -by- 
the-Sea 


Pickering 


»>         •       ' 
»f  • 

Oroamont  (Tork) 

Saltbum  Brotton 
Oroamont . 

Guiaborough 

>> 
Redcar  . 

GuiaDorongh 
Middleaboro' 

Saltbum 

Guiaborough 
Roeedale  Abbey 
Egton  Lythe 
Saltbum 


•1 

■ 

{ 


Name  of  Proprietor 
or  Company. 


Carlton   Iron    Ore  CO., 
Limited  . 

Bell  Brothers,  Limited 

»t 
i> 
»» 
i> 

Bolckow,    Vaaghan  & 
Co.,  Limited   . 

ft 

J.  W.  Pease  &  Co.   .    . 
>• 

»»  •    • 

It  • 

i» 

f»  • 

Liverton  Ironstone  Co., 

Limited      .       .    . 

Skinningrove  Iron  Co., 

Limited  . 
Palmer's  Shipbuilding 
and  Iron  Co.,  Lim. 
Rosedale  and  Ferryhill 
Iron  Co.,  Limited, 
Martin  Morriaon, 
manager  . 

II 
II 
Charles    and    Thomas 
Bagnall,  junr.     .    . 
Morrison  ft  Co.    . 

•  ■ 

Weardale  Iron  and  Coal 
Co.,  Limited      .    . 

II 
Kirkleatham  Irouatone 

\jOm      .... 

Stevenson,  Jaquea  &  Co. 
B.  Samuelaon  A  Co.  . 
Cargo  Fleet  Iron  Co  . 
The  Ownera  of  Clay 
Lane  Iron  Works  '. 
GJers,  Mills  ft  Co. 
Robt  Hansen 
J.  Foster  and  Son  .  . 
Stanghow  Ironstone  Co. 


Name  of  Manager 
or  Agent. 


I  Robt  Bell. 

( Thomas  Bell,  Junr. 
( A.  L.  Steavenson. 


I  Thomas  Lee. 

J.  Thompson. 
George  Robinaon. 


II 


Wm.  France. 
Christopher  Heslop. 
Wm.  France. 
Wm.  Walton. 
W.  Moore. 
William  France. 
G.  Lee. 
Francis  Fox. 

Ij.  Weatray. 
}  A.  S.  Palmer. 

John  Roscamp. 

Charlea  Parkin. 

(  W.  Amistrong. 
}  Francia  Lord. 
D.  W.  Dixon. 


} 


Thoa.  Allison. 


II 


William  Walker. 


>i 


Wm.  Charlton. 
William  Walker. 

I  John  Thompson. 

John  Tate. 
Robt.  Hansell. 

E.  Hamilton. 


Having  considered  the  vast  deposits  of  ironstone  in  the 
Cleveland  district,  it  will  now  be  a  fitting  time  to  refer  generally 
to  some  of  the  difficulties  met  with  in  ironstone  mining,  and  of 
the  machinery  employed  to  aid  the  miner  in  the  operation.  A 
writer  in  the  CoUiery  Gua/rdian^*  well  acquainted  with  the  district 
and  quoting  from  Mr.  A.  L.  Steavenson's  interesting  paper  '^Iron- 
stone Mining  in  Cleveland,"  t  says  that,  ''  owing  to  the  irregular 

*  Not.  26tli,  1880.         t  *<  Journal  of  the  Iron  and  Steel  Institation,"  1874,  p.  329. 
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character  of  the  strata  in  some  parts  and  the  configuration  of  the 
country  in  others,  the  mining  of  these  immense  deposits  of  iron- 
stone is  carried  on  under  various  conditions.  At  the  outcrop  of 
the  main  seam  at  Eston  it  is  800  feet  above  the  level  of  the  sea, 
and  dips  thence  at  the  rate  of  three  inches  to  the  yard  until  it  is 
100  feet  below  sea  level  under  the  centre  of  the  hill,  whence  it 
rises  as  rapidly  till  it  crops  out  again  at  the  other  side  of  the  hill^ 
not  to  mention  several  faults  or  dislocations  of  considerable  mag- 
nitude. In  other  parts,  such  as  at  the  Kilton  Winning,  large 
feeders  of  water,  amounting  sometimes  to  1,000  gallons  per 
minute,  make  both  sinking  and  working  an  operation  of  more 
than  ordinary  difficulty.  Perhaps  the  largest  feeders  of  water 
have  been  encountered  at  the  Noi;jbh  Skelton  Mines.  At  a  depth 
of  64  fathoms  the  '  Top  seam  *  was  reached,  8  feet  6  inches 
thick,  but  even  at  that  depth  the  water  had  to  be  forced  at  the 
rate  of  8,000  gallons,  or  nearly  15  tons  a  minute.  Incidentally 
it  may  be  observed,  that  towards  the  end  of  1880  the  depth 
attained  at  this  mine  exceeded  720  feet,  when  the  ironstone  was 
reached  and  is  now  worked." 

''  When  the  extraction  of  ironstone  began  in  1850  at  Eston  it 
was  only  necessary  to  uncover  the  outcrops  and  then  quarry  it  out 
in  large  quantities,  but  as  the  covering  increased  in  thickness  as  the 
working  proceeded,  drifting  became  necessary ;  and  ultimately  as 
the  water  feeders  increased  deep  shaft  sinking  had  to  be  adopted. 
Both  drifts  and  shafts  are  now  extensively  in  use,  the  expediency 
of  adopting  the  one  or  the  other  being  determined  by  the  nature 
of  the  local  circimistances.  The  getting  of  the  ironstone  is 
mostly  accomplished  by  blasting,  and  for  this  purpose  gunpowder 
is  the  best  explosive.  Many  other  kinds  of  explosives  have  been 
tried,  but  the  oldest  is  still  considered  the  best.  The  operations 
of  the  miners  are  facilitated  by  the  occurrence,  often  at  short 
distances  apart,  of  joints  called  '  backs.'  The  mode  of  operation 
is  as  follows  :  Cylindrical  holes  are  drilled,  varying  from  two  to 
five  feet  deep.  The  boring  of  these  holes  is  the  chief  work  of 
the  miners,  less  skilled  men  being  employed  to  break  up  the  stone 
and  fill  it  into  waggons.  A  good  miner  can  drill  a  hole  of  5  feet  in 
an  hour.  Different  kinds  of  machines  have  been  tried  for  the 
purpose  of  drilling  these  holes,  but  none  of  them  have  been  so 
successful  as  to  entirely  supersede  hand  labour.  Probably  15,000 
tons  of  gunpowder  are  consumed  yearly  in  blasting  the  ironstone 
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of  Cleveland.  The  use  of  such  large  quantities  of  this  explosive 
adds  considerably  to  the  impurity  of  the  atmosphere  in  the  mines ; 
hence  various  mechanical  appliances  are  generally  employed  to 
improve  the  ventilation.** 

The  importance  of  suitable  machinery  to  aid  the  miner  in  his 
labour  of  getting  the  ironstone  is  a  point  of  especial  interest. 
Mr.  Windsor  Bichards  recently,  in  his  address  to  the  members  of 
the  Cleveland  Institution  of  Engineers,  remarks,  "  There  is  no 
industry  of  more  importance  to  this  district  than  that  of  the  iron- 
stone mining,  and  the  economical  production  of  ironstone  can 
scarcely  be  over-rated  when  it  is  remembered  that  about  8i  tons 
are  necessary  for  the  manufacture  of  a  ton  of  pig-iron.  Machinery 
has  akeady  been  introduced  for  winning  the  stone,  and  its  im- 
provement and  extension  are  well  worthy  of  careful  attention." 
Mr.  Bichards  continues  his  observations  by  the  following  in- 
teresting sketch  of  rock  drills  and  their  adoption  at  the  North 
Skelton  Mines.  He  says,  "  I  believe  that  Mr.  William  Walker, 
of  Saltbum,  was  the  first  to  introduce  machinery  into  the  Cleve- 
land mines.  He  adopted  the  ordinary  rotary  spiral  driU,  driven 
by  a  pair  of  small  engines  worked  by  compressed  air.  Before 
deciding  on  the  kind  of  drill  to  be  adopted  at  the  North  Skelton 
Mines,  where  the  ironstone  is  extra  hard,  he  carefully  investigated 
many  of  the  rock  drills  in  use,  and  finally  determined  upon  the 
percussive  system,  the  drills  being  of  simple  forms,  requiring 
such  slight  repairs  as  can  be  effected  by  the  ordinary  black- 
smith at  the  mine.  At  the  North  Skelton  Mines  there  are  at 
present  seven  machines  at  work,  which  are  distributed  over 
certain  districts.  Each  district  consists  of  ten  working  places. 
A  direct-acting  horizontal  engine,  fixed  on  the  surface,  having 
20-inch  steam  and  22-inch  air  cylinders,  4-feet  stroke,  supplies 
air  to  the  machines  at  a  pressure  of  about  70  lbs.  per  square 
inch.  The  engine  is  sufficiently  powerful  to  work  twelve  machines. 
The  compressed  air  is  forced  down  the  shaft  and  along  the  main 
roads,  east  and  west,  in  6-inch  pipes.  The  pipes  along  the 
roadway  are  4-inch  diameter.  The  machines  have  2-inch  and 
the  working  places  1-inch  wrought-iron  galvanised  pipes.  At 
present  each  machine  only  produces  about  50  tons  of  ironstone 
per  shift  of  eight  hours,  but  a  machine  has  occasionally  got 
75  tons,  and  in  a  few  instances  96  and  even  107  tons  in  eight 
hours.     For  50  tons  of  ironstone  got,  about  25  holes  1  inch  in 
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diameter  have  to  be  bored  to  a  depth  varying  from  8  feet  to 
5  feet,  according  to  the  hardness  of  the  stone,  or  about  100 
feet  depth  of  ironstone  pierced  per  machine  per  eight  hours. 
After  being  placed  in  position  the  drill  bores  the  stone  at  the 
rate  of  16  inches  per  minute,  or  a  hole  4  feet  deep  can  be 
readily  made  in  six  minutes,  including  the  time  for  changing 
the  driUs ;  whereas  an  ordinaiy  miner  would  take  fuUy  sixty 
minutes  to  put  in  a  hole  4  feet  deep  by  'tamping'  or  *  jump- 
ing '  with  a  bar  in  the  usual  way ;  so  that  the  machine  does 
easily  the  hardest  and  most  fatiguing  work  of  the  miner.  One 
machine  employs  two  miners  and  a  boy,  who  attend  to  the 
drilling  and  blasting,  and  four  labourers,  who  break  up  and  fill 
the  stone  into  the  tubs  or  waggonettes.  Ironstone  mining  by 
machinery  is  comparatively  new  in  the  district,  and  the  miners 
have  not  yet  got  weU  into  the  way  of  using  it ;  but  there  can 
be  no  doubt  that  with  ordinary  diligence  one  machine  can  produce 
from  70  tons  to  80  tons  of  stone  per  eight  hours*  shift.  The 
kind  of  machine  adopted  at  North  Skelton  is  that  known  as 
the  *  Burleigh,*  the  principal  parts  of  which  are  the  cylinder, 
piston,  the  cradle,  with  guide  stays  in  which  the  cylinder  travels, 
and  the  drills.  The  piston  travels  backwards  and  forwards  at  a 
rate  which  gives  800  blows  per  minute,  and  for  eighteen  blows 
given  it  revolves  once.  The  cylinder  moves  along  the  cradle,  and 
is  fed  by  a  screw  worked  by  hand,  automatic  gear  for  this  purpose 
having  been  found  so  far  unsuitable,  owing  to  the  various  degrees 
of  hardness  of  the  stone  to  be  bored.  As  soon  as  the  drill  has 
been  fed  in  the  2-feet  length  of  screw  it  is  withdrawn,  and  a 
longer  driU  substituted.  Drills  are  made  of  different  lengths, 
and  the  points  of  various  forms.  The  half-moon  shapes  are  very 
suitable  for  the  first  and  second  drills  to  a  depth  of  3  feet.  The 
air  exhausted  from  the  machines  has  a  beneficial  effect  in  venti- 
lating the  working  places.  The  success  of  this  machine,  or, 
indeed,  of  any  other,  depends  upon  the  handiness  and  simplicit}' 
of  the  carriage  on  which  it  is  mounted.  The  carriage  has  received 
very  careful  attention  from  Mr.  Chisholm,  the  engineer  of  the 
mine,  and  is  very  ingeniously  arranged  and  well  adapted  for  its 
work.  The  carriage  must  be  constructed  so  that  it  can  be  verj' 
quickly  brought  up  to  its  work,  and  be  quickly  removed  to  another 
working  place.  It  must  allow  the  drills  to  work  at  any  angle, 
^      and  to  drill  at  any  point  of  the  working  face.** 
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Distributioii  of  Cleveland  Ironstone. — The  great  bulk  of  the 
ironstone  raised  in  the  Cleveland  Hills  is  reduced  to  the  metallic 
state  in  the  furnaces  of  Cleveland  and  those  of  Durham  and 
Northumberland,  ample  facilities  for  its  transport  being  afforded 
chiefly  by  the  North-Eastem  Bailway  and  its  numerous  branches. 
The  total  quantities  of  Cleveland  ore  carried  in  each  year  by  the 
above-named  railway  include  those  hematite  ores  carried  from 
the  north-west  coast  of  Lancashire  and  Cumberland,  and  other 
districts,  while  the  annexed  statement,  showing  for  a  few  years 
the  quantities  used  in  the  furnaces  of  Durham  and  Cleveland, 
and  the  total  quantities  of  all  kinds  of  iron  ore  carried  by  the 
North-Eastem  Bailway,  will  indicate  generally  the  distribution 
of  the  ironstone  : — 


Year. 

Cleveland  Furnaces. 

Durham  Furnaces. 

Total  carried  by  North 
Eastern  Railway. 

,                                                                  1 

Tons. 

Tons. 

Tons. 

1872 

2,955,000 

2,100,000 

4,652,052 

1873 

2,920,000 

2,392,000 

4,928,458 

1874 

2,980,500 

2,280,000 

4,904,279 

1875 

3,296,824 

2,050,852 

5,305,113 

1876 

3,524,962 

2,030,000 

5,426,576 

1877 

3,980,770 

1,972,395 

5,547,821 

1878 

3,850,045 

1,642,149 

4,999,448 

1879 

3,380,015 

1,253,850 

4,190,050 

1880 

4,463,229 

1,603,905 

6,785,724 

Considerable  quantities  of  iron  ore  will  also  have  been  carried 
direct  from  the  mines  to  the  furnaces  without  passing  over  the 
North-Eastem  system. 

Popnlatioii  Employed  in  Iron  Mining. — Until  the  year  1873 
our  information  of  the  number  of  persons  employed  in  the  North 
Hiding  of  Yorkshire  or  Cleveland  district  was  not  accurately 
known.  In  1878  it  was,  for  the  first  time,  ascertained  that  the 
number  of  persons  engaged  in  iron  mining  amounted  to  9,850, 
of  whom  6,947  were  engaged  in  underground  operations,  and 
2,408  above  ground ;  producing  *  5,485,288  tons  of  ironstone,  or 
an  average  of  581  tons  per  person.  Since  1878  the  numbers  em- 
ployed, the  ironstone  raised,  and  average  output  per  man,  have 
been  as  follows : — 
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year. 

PKR80M8  KMPLOTBD. 

TotaL 

Ironstone  Baiaed. 

Average 
per  Man. 

Under 
Groand. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

N08. 

6,947 
7,571 
7,660 
7,810 
6,983 
5,654 
6,031 
6,500 

N08. 

2,403 
2,274 
2,128 
2,041 
1,586 
1,137 
1,128 
1,472 

Noe. 
9,350 
9,845 
9,788 
9,851 
8,569 
6,791 
7.159 
7,972 

Tons. 
5,435,233 
5,428,487 
6,085,541 
6,564,101 
6,289,745 
5,316,477 
4,714,535 
6,441,783 

Tons. 
581 
551 
623 
667 
736 
784 
695 
808 

In  the  last  named  year  there  were  44  iron  mines  in  the  district 
comprising  63  separate  pits  or  drifts,  but  of  the  mines  8  were 
standing,  compared  with  18  in  the  previous  year. 

Bemmrcefl  of  the  Cleveland  Ironstone  District. — ^According 
to  Bewick,  who  first  directed  attention  to  this  subject,  the 
estimated  area  of  the  main  bed  of  Cleveland  ironstone  was  420 
square  miles,  and  taking  the  average  yield  per  acre  at  20,000 
tons,  he  estimated  the  contents  at  6,000,000,000  tons.  In  1868 
Mr.  I.  Lowthian  Bell,  in  his  paper  on  "  The  Manufacture  of  Iron,** 
read  before  the  British  Association,^  basing  his  calculation  on 
the  researches  of  Messrs.  Hugh  and  J.  T.  Taylor  and  T.  Young 
Hall,  &c.,  estimated  the  resources  of  the  Durham  and  Northum- 
berland Coal-field  at  six  thousand  million  tons  for  future  use, 
80  that  there  is  sufficient  fuel  in  the  one  district — ^reserving  it  for 
that  purpose  exclusively — ^to  smelt  the  ironstone  of  the  main 
seam  of  the  other.  The  subject  was  again  considered  in  the 
year  1871  by  the  "  Iron  Ore  Committee  of  the  Iron  and  Steel 
Institute,"  who  reported  as  foUows.  They  said,  '*It  is  now 
tolerably  weU  known  that  after  leaving  the  Eston  Hills,  the 
ironstone  in  which  has  occupied  three  square  miles,  the  district 
from  which  the  chief  supply  of  stone  is  to  come  for  the  next 
century  comprises  a  length  of  nearly  six  miles  £rom  the  vicinity 
of  Guisborough,  south-east  to  the  coast,  with  an  average  width 
of  four  miles.  It  has  been  proved  that  over  the  greater  part  of 
this  area  the  main  seam  occurs  in  an  unbroken  state,  varying  in 
workable  thickness  from  9  to  13  feet,  and  having  about  the  same 


*  "  British  Afisociation  Papers,  1863,"  p.  60. 
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per  oentage  of  metallic  iron  throughout.  Towards  the  south 
the  stone  does  get  slightly  leaner  however,  by  from  one  to  two 
per  cent.,  and  it  also  steadily  thins  off;  but  for  the  purposes  of 
this  estimate  the  whole  district  may  be  taken  collectively,  and  the 
stone  regarded  as  uniform  throughout.  The  total  area  of  this 
tract,  including  the  Eston  Hills,  is  27  square  miles,  or  17>280 
square  acres.  It  is  calculated  that  from  the  discovery  of  the 
Cleveland  ironstone  to  the  end  of  1870,  the  total  quantity  of 
stone  smelted  has  been  45,000,000  tons,  which  at  80,000  tons 
per  acre,  gives  1,600  acres  worked  out  in  twenty  years,  of  which 
the  greater  portion  has  been  in  the  locality  a  few  miles  of  Middles- 
borough.  The  present  rate  of  working  is  at  the  rate  of  160  acres 
per  annum,  and  this  will  be  rapidly  increased*  But  the  mining- 
field  under  notice  yet  contains  say,  16,000  acres  untouched,  so 
that  at  the  rate  of  extraction  prevailing  in  1870  there  is  a  supply 
of  stone,  in  this  part  of  Cleveland  alone,  sufficient  to  last  100 
years,  without  taking  into  consideration  the  iron  ores  of  Rosedale 
and  other  places  outside  the  locality  in  question.  But  there  is 
every  reason  to  believe  that  beyond  the  boundaries  of  this  known 
district  the  main  seam  extends  underneath  the  whole  country  as 
far  as  Whitby  and  the  Valley  of  the  Esk,  although  it  is  impos- 
sible to  speak  with  any  certainty  as  to  the  changes  that  may 
occur  in  the  quality  or  thickness  of  the  seam  in  the  direction 
indicated." 

Now,  accepting  the  estimates  of  the  "  Iron  Ores  Committee  " 
and  making  necessary  deductions  for  production  of  the  past  ten 
years,  the  acreage  now  available  (1880)  would  not  exceed  14,000 
acres  of  the  main  seam  of  Cleveland,  which  at  the  present  rate  of 
exhaustion  would  afford  supplies  for  seventy  years  to  come. 

Becently  the  resources  of  the  Cleveland  district  have  been  treated 
in  an  exhaustive  paper  read  before  the  Cleveland  Institution  of 
Engineers,  Middlesborough,*  and  the  results  arrived  at  generally 
coincide  with  those  of  the  Iron  Ores  Committee  as  to  the  contents 
of  the  main  seam.  Mr.  Barrow's  investigations  are  embodied  in 
the  following  account.     He  says  : — 

*'  There  are,  in  Cleveland,  two  distinct  classes  of  iron-stone, 
the  better  being  blue,  very  oolitic,  and  comparatively  free  from 
aluminous  matter,  yielding  about  80  per  cent.,  or  rather  more, 

•  By  Mr.  G«orge  Barrow,  F.G.S.,  of  the  Geological  Sorrej  of  England  and  Wales, 
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of  metallic  iron ;  the  second-class  stone  is  of  a  dull  yellowish 
tinge,  not  so  oolitic,  and  contains  alumina  in  place  of  the  iron, 
which  is  lost,  28  or  29  per  cent,  being  as  much  iron  as  is  usually 
extracted  from  it.  This  deterioration  in  quality  of  the  stone  is 
accompanied  by  a  serious  drawback  to  its  being  cheaply  worked, 
for,  towards  (slightly  below)  the  middle  of  the  seam,  a  band  of 
shale  gradually  comes  in,  thickening  in  a  southerly  direction  till 
it  reaches  its  maximum  thickness  of  2  feet,  which  is  the  amount 
of  shale  between  the  upper  and  lower  parts  of  the  main  seam  at 
Grosmont,  the  seam  being  quite  unworkable  in  that  district. 

''  In  order  to  fix  the  limits  of  the  good  stone,  it  is  necessary  to 
know  its  outcrop,  and  also  the  line  marking  the  limit  of  the  shale 
band  in  the  middle  of  the  seam.  The  former  I  have  carefully 
mapped  out  on  the  six-inch  maps  of  the  district.  The  limit  of 
the  shale  band,  in  the  middle  of  the  seam,  may  be  roughly 
described  by  a  line  joining  the  road  at  Spa  Wood,  near  Guis- 
borough,  to  the  north  side  of  South  Skelton  shaft,  thence  on  to 
Hummersea  on  the  coast,  a  little  more  than  a  mile  east  of  Skin- 
ningrove  Beck.  All  the  good  stone  lies  north  of  that  line  in  an 
area  consisting  of  three  distinct  parts :  Eston,  Upleatham,  and 
the  Skelton  and  Huntcliffe  district 

"  Commencing  with  the  Eston  outlier,  Eston  may  be  considered 
as  consisting  of  Eston  Boyalty  proper,  and  the  smaller  Royalties 
of  Normanby,  Ormesby,  and  Dunsdale,  calculating  the  seam  as  of 
80  many  *  foot-acres,'  i.^.,  acres  one  foot  in  thickness. 

"  Eston,  then,  consists  of  24,000  foot-acres,  very  nearly.  The 
specific  gravity  of  the  stone  is  about  2*6,  and,  as  a  cubic-foot  of 
water  weighs  1,000  ounces,  a  foot  of  stone  weighs  2,600  ounces, 
and  an  acre  one  foot  thick  weighs  3,610  tons.  Hence  we  have 
roughly  86,640,000  tons  in  Eston  Royalty. 

"  Similarly,  there  are  2,800  foot-acres  in  Normanby,  and 
8,300,000  tons  of  stone.  Also  in  Ormesby  there  are  720  foot- 
acres  and  2,600,000  tons  of  stone.  There  are  900  foot-acres  in 
Dunsdale,  or  3,250,000  tons  of  stone.  In  order  to  tell  how  long 
these  mines  will  last,  it  is  necessary  next  to  know  the  average 
amount  of  stone  taken  yearly  out  of  each,  and  the  total  taken. 

"  In  consequence  of  the  Mining  Record  Office  returns,  prior  to 
1865,  being  incomplete,  it  is  obvious  that  the  total  obtained  from 
this  source  of  information  will  be  much  under  the  mark,  in  the 
case  of  Eston,  Upleatham,  and  Normanby,  as  in  1865  they  were 
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in  full  swing,  turning  out  almost  as  much  stone  as  at  present. 
Still,  I  shall  make  the  calculation  from  1866,  making  a  small 
allowance  for  cases  when  considerably  more  stone  has  been  taken 
than  is  represented  by  this  total.'* 

"From  such  information,  then,  we  arrive  at  the  following 
result : — The  yearly  output  of  Eston  is  800,000  tons ;  of  Nor- 
manby,  225,000  tons ;  of  Ormesby,  76,000.  The  total  of  iron- 
stone  removed  in  Eston,  16,000,000  tons ;  in  Normanby,  6,000,000 
tons ;  in  Ormesby,  600,000  tons.  Now,  if  we  deduct  the  total 
taken  out  from  the  whole  of  the  stone  in  a  mine,  and  take  away 
at  least  one-tenth  for  loss  in  working,  we  have  for  the  quantity 
now  left — 

TONS. 

In  Eston 66,000,000 

Normanby 2,600,000 

Ormesby 1,800,000 


ft 


Hence,  dividing  these  totals  by  the  average  yearly  output,  we 
find,  for  the  continued  duration  of  each  mine, — 

For  Eston 76  years. 

„    Normanby S      „ 

'    „    Ormesby Id      ,, 


**  Proceeding  in  a  similar  way  for  the  Upleatham  district,  the 
total  stone  amounts  to  10,000  foot-acres,  or  86,100,000  tons. 
The  yearly  output  is  700,000  tons,  and  the  total  taken  out  con- 
siderably over  12,000,000  tons,  so  that  its  duration  will  be  some 
80  years,  or  rather  less — between  26  and  80. 

"  The  area  of  good  stone  left  in  Skelton  and  Huntcliffe  districts 
consists  of  48,000  foot-acres,  or  178,280,000  tons.  The  yearly 
output  is  about  1,800,000  tons,  and  the  total  output  24,190,000 
tons,  or  more.  Hence  the  workable  quantity  left  is  about 
146,000,000  tons,  which  would,  at  this  rate,  last  80  years.  But, 
taking  into  consideration  the  increased  call  80  years  hence,  60 
years  would  be  a  fair  limit  to  put  to  the  duration  of  the  stone. 

**  Now,  the  main  seam  in  the  poorer  districts  may  be  said  to 
consist  of  a  strip  18  miles  long,  by  about  2|  miles  wide.  South 
of  this  the  seam  is  very  poor  and  thin,  and  consists  of  4  feet  of 
stone,  with  a  two-feet  shale  parting  in  the  middle.  Before  it 
would  pay  to  work  this,  other  seams  will  be  wrought ;  in  fact, 
these  seams  will  be  worked  befor^^  many  years,  because,  though 


890  COAL  AND  IRON   INDUSTRIES.  [part  ii. 

thin,  their  quality  is  better  than  any,  except  the  very  best  stone. 
The  total  amount  in  this  strip,  then,  of  the  inferior  stone,  which 
pays  to  work  now  in  fairly  good  times,  is,  roughly,  376,480,000 
tons,  and,  at  the  present  rate  of  output,  would  last  some  180 
years ;  but  this  period  would  be  much  lessened,  as  in  80  years 
the  output  would  be  more  than  doubled  to  compensate  for  the 
exhaustion  of  the  Upleatham  and  other  mines." 

Mr.  Barrow  subsequently  considers,  in  detail,  the  district  in 
which  the  main  seam  occurs,  where  it  is  at  present  regarded  as 
almost  valueless,  ^*  and  defines  the  area  of  the  poorer  stone  13 
miles  long  and  2^  miles  broad,  as  extending  in  a  line  roughly 
drawn  from  Kildale,  south  of  Guisborough,  to  Kettleness,  north  of 
Whitby,  as  its  southern  boundary.  At  Kildale,  the  section  of  the 
seam  consists  of  4  feet  of  stone,  with  a  shale  parting  of  14  inches, 
and  again,  on  the  Conmiondale  shaft  the  seam  may  be  said  to 
consist  of  three-two's.  At  Grosmont,  the  seam  has  become  so 
thin  as  to  be  almost  unrecognisable.  It  must  be  borne  in 
mind  that  this  bed  is  in  all  cases  of  a  decidedly  poor  quality,  and 
so  up  to  Kettleness,  where  the  average  yield  is  26'5  per  cent,  of 
iron.     South-east  of  Kettleness  iron  has  not  been  seen  or  proved. 

"  Taking  into  consideration  the  poverty  of  the  seam  in  Hawkser, 
south  of  Whitby,  where  the  seam  is  represented  by  a  few  doggers, 
it  is  evident  it  will  not  be  used  as  a  source  of  iron  for  many  years 
to  come,  if  ever.  Coming  to  the  consideration  of  the  other 
seams  of  ironstone  in  Cleveland  not  usually  worked,  examining 
the  main  seam  at  Eston,  it  would  be  found,  at  the  base  as  at 
present  worked,  to  consist  of  a  greenish,  shaly  stone,  having  a 
rather  mottled  appearance.  Before  reaching  the  south  or  east 
face  of  the  hill,  a  shale-band  comes  in  between  the  oolitic  stone 
and  green  stone,  but  only  the  oolitic  was  taken  up  in  a  long  drift 
which  was  made  some  time  ago  on  the  Chaloner  property,  the 
shale  and  underlying  shelly  bed  being  left.  The  shelly  bed  is 
contained  over  a  very  large  area,  and  is  in  fact  the  Pecten  seam 
at  Grosmont,  and  in  future  it  would  be  far  safer  to  restrict  the 
term  to  this  bed,  calling  the  thick,  blue  stone  usually  found  the 
main  seam.  It  is  usually  of  a  poor  quality,  yielding  about  27  per 
cent,  of  iron,  or  slightly  less.  It  is  difficult  to  estimate  the 
amount  of  ironstone  in  this  seam,  because  it  varies  very  much 
according  to  presence  or  absence  of  the  shaley  stresJ^.  It 
probably  cannot  be  worked  separately  under  Eston,  nor  in  the 
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Upleatham  district,  but  at  the  Old  Hutton  mines  it  seems  to  haye 
been  taken  near  the  outcrop,  its  thickness  being  8  feet  6  inches, 
at  a  depth  of  about  4  feet  from  the  base  of  the  seam, 

**  Again,  at  Kildale  the  shale  is  2  feet  6  inches  thick,  and  this 
belt  is  exposed  at  Spa  Wood  railway  cutting,  where  its  thickness 
is  4  feet.  At  Huntcliffe,  and  at  Brotton,  it  is  very  thin,  but  at 
Longacres  Pit  it  is  8  feet  thick.  At  Grosmont  its  thickness 
varies  from  2  feet  4  inches  to  2  feet  6  inches  of  stone,  with  a 
shale  parting  in  the  upper  part.  Calculating  that  it  covered  an 
area  of  50  square  miles,  with  an  average  thickness  of  2  feet 
6  inches,  it  was  estimated  that  there  should  be  a  total  of 
400,000,000  tons  of  ironstone  from  this  seam,  which  was,  how- 
ever, of  poor  quality,  and  not  always  reliable.  About  6  feet 
6  inches  below  the  Pecten  seam  occurs  a  bed  of  stone,  remarkable 
for  its  uniform  thickness  and  its  good  •quality.  In  many  places, 
such  as  Normanby  and  Brotton,  it  seemed  to  be  equally  rich  in 
iron  with  the  main  seam,  its  thickness  usually  being  about  from 
1  foot  10  inches  to  2  feet.  It  maintains  this  thickness  over  a 
very  large  area,  being  2  feet  6  inches  at  Kildale  ;  1  foot  10  inches 
at  Qmisborough ;  and  2  feet  2  inches  at  Hob  Hill. 

**  On  the  coast  at  Staithes  the  seam  shows  signs  of  thinning, 
being  about  1  foot  8  inches,  so  that  they  might  put  its  south- 
eastern limit  about  three  ;  but  it  continues  some  distance  in  the 
Stokesley  range  of  hills,  being  worked  for  some  time  in  the 
Ingleby  Mine,  after  the  main  seam  had  been  abandoned.  The 
estimated  area  of  this  seam  would  be  about  60  square  miles,  with 
an  average  thickness  of  2  feet.  It  is  mostly  a  clean  stone,  and 
will  yield  a  total  of  about  880,000,000  tons  of  first-class  stone. 

''Below  this  seam  is  the  'Avicula'  seam  so  well  known  at 
Grosmont.  The  ayicula  seam  is  very  permanent,  but  its  thick- 
ness varies  very  much  over  the  whole  of  Cleveland,  ranging  from 
8  feet  at  Grosmont,  to  as  little  as  1  foot  6  inches  at  Staithes,  its 
average  yield  of  iron  being  about  27  per  cent.  This  seam  also 
extends  into  the  Stokesley  Hills  down  Bilsdale,  but  it  would  be 
hazardous  to  say  that  it  could  be  worked  for  a  great  distance  from 
any  given  point.  Its  estimated  area  would  extend  over  100  square 
miles,  and  the  probable  amount  of  stone  would  be  somewhere 
about  600,000,000  tons,  probably  more,  but  its  working,  except 
where  it  could  easily  be  proved  first,  would  be  very  venturesome. 
This  concludes  the  account  of  the  seams  of  ironstone  in  the  liassic 
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beds,  and  it  only  remains  to  consider  those  ironstone  seams  in  the 
oolitic  beds.  Of  these  there  are  but  two,  one  being  the  Dogger,  or 
top  bed,  and  the  other  the  EUer  Eock.  The  Dogger  occurs  at  the 
top  of  the  Alum  shale,  and  as  a  general  rule  it  may  be  defined  as  a 
sandy  ironstone  or  a  ferruginous,  impure  hmestone.  It  is  always  re- 
markable for  the  so-called  pebbles  in  it.  At  Eston,  Upleatham, 
Guisborough,  &c.,  it  may  be  practically  said  to  be  non-existent. 

'*  From  the  peak  at  Robin  Hood's  to  Runswick  Bay,  on  the 
coast  all  along  Eskdale,  Glaisdale,  Muske,  Esk,  &c.,  it  is  a 
'  highly  siliceous,  oolitic  ironstone,  varying  from  2  feet  to  16  feet 
thick.  It  has  often  been  tried  at  Eskdale,  Grosmont,  and  Muske 
Esk,  but  has  always  failed.  About  Staithes,  Boulby,  Huntcliffe, 
and  Liverton,  the  Dogger  consists  of  a  hard  band  of  very  fine 
clay  ironstone,  containing  about  40  per  cent,  of  iron,  resting  upon 
a  ferruginous  marl,  often  containing  as  little  as  26  or  26  per  cent. 
One  of  the  most  characteristic  features  of  the  top  bed  is  its 
fickleness,  being  unreliable  for  any  gieat  distance.  The  per 
centage  of  impurity  in  the  two  marly  beds  will  determine  whether 
this  seam  can  ever  be  worked,  and  the  same  remarks  will  apply 
to  Huntcliffe,  where  the  section  is  much  the  same.  At  Boulby 
Alimi  Works  the  seam  is  slightly  thinner,  but  presents  the  same 
general  characteristics ;  at  Grinkle  Park  the  seam  is  very  thin 
and  sandy ;  it  is  apparently  absent  at  North  Skelton  Shaft,  and 
is  entirely  wanting  at  the  Hagg  Alum  Works,  near  Saltbum. 
The  area,  over  which  this  seam  may  possibly  be  worked  in  Cleve- 
land at  some  future  time,  is  between  four  and  five  square  miles, 
its  average  thickness  being  8  feet  6  inches.  In  the  Stokesley 
Hills  the  main  seam  occurs  in  cuticular  patches,  lying  in  eroded 
hollows  in  the  alum  shale.  In  all  cases  it  contains  much  lime 
and  silica,  which  in  Bilsdale  has  been  burnt  for  lime. 

"  At  Limekiln  Bank,  over  Swainby,  it  becomes  28  feet  thick, 
valueless  as  a  source  of  iron,  and  at  Catcliff  Bank,  near  North 
Allerton,  the  seam  attains,  in  one  place,  a  thickness  of  nearly 
20  feet,  but  there  are  shaly  partings  in  it,  and  most  of  the  iron- 
stone is  of  poor  quality ;  in  fact,  it  is  of  no  value  as  iron  ore.  In 
Bosedale,  however,  a  wedge  of  ironstone,  formed  similarly  to 
that  referred  to  in  Bilsdale,  occurs,  in  which  all  the  lime  has  been 
probably  replaced  by  iron,  and  where  a  rich  iron  ore  has  been 
found,  but  its  extent  has  not  hitherto  been  ascertained." 

Pig  Iron  aCanii&ctiire. — The  ironstone  deposits  of  Cleveland 
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were  first  developed  about  the  year  1860,  and  the  smelting  of  the 
stone  in  the  district  soon  followed,  and  so  rapidly,  that  in  the 
year  1855  there  were  28  furnaces  built,  21  of  which  were  in  blast 
and  produced  84,500  tons  of  pig-iron.  The  early  furnaces  erected 
in  the  district  varied  in  height  from  42  to  50  and  55  feet,  their 
capacity  varying  from  5,000  to  6,000  feet ;  about  the  year  1861 
fomaces  of  greatly  increased  capacity  were  erected  at  the 
Thomaby  Ironworks  by  Mr.  William  Whitwell,  three  in  number, 
each  of  a  cubical  capacity  of  12,778  feet ;  these  furnaces  were 
60  feet  in  height  and  20  feet  diameter  in  the  boshes.  Consider- 
able economy  was  secured  in  the  consumption  of  fuel  in  manu- 
facture by  these  larger  furnaces,  so  much  so,  that  in  1866  the 
Messrs.  Hopkins,  Gilkes  &  Co.,  at  their  Tees  Side  Ironworks, 
erected  two  furnaces,  each  75  feet  in  height  and  24  feet  in  the 
boshes,  and  a  capacity  of  20,000  cubic  feet. 

The  results  attained  by  these  large  furnaces  were  so  encourag- 
ing that  still  larger  ones  were  erected,  one  having  a  height  of 
105  feet,  and  a  cubical  capacity  of  41,150  feet.  But  it  has  since 
been  determined  that  with  these  extraordinary  dimensions  the 
limit  of  economical  working  has  been  exceeded. 

In  the  year  1855,  above  referred  to,  the  works  and  firms  in 
operation,  with  the  number  of  furnaces  built  and  in  blast,  were 
as  follows,  the  make  of  pig-iron  being,  as  previously  stated, 
84,500  tons :— 


Kn 

Kanttk  r\f  XITnvVs 

Name  of  Finn. 

FURNACES. 

Built 

In  Blast. 

1 

2 
3 
4 
5 
6 

Tees     . 

Eflton      .        .    . 

Cleveland     . 

Middlesborough  . 

Ormesby 

South  Bank     .     . 

Gilkes,  Wilson  &  Go. . 
Bolckow  &  Yauffhan  . 
T.  L.  Elwen  &  Co.     . 
Cochrane  &  Co.      .     . 
Bolokow  &  Yaughan  . 
B.  Samuelson  &  Co.    . 

Total    . 

4 
6 
3 
3 
4 
3 

4 
6 
2 
3 
3 
3 

23 

21 

Several  new  works  were  projected  and  commenced  about  this 
period.  The  works  of  the  Clay  Lane  Iron  Company  began  the 
manufacture  of  pig-iron,  towards  the  close  of  1858,  with  one 
furnace,  blowing  in  a  second  in  the  following  year.  The  Tees 
Side  furnaces  of  Messrs.  Snowden  &  Hopkins  followed  in  1859, 
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and  in  1860  the  furnaces  of  the  Whitby  Iron  Company  were  put 
in  blast ;  the  total  number  of  furnaces  built  in  the  district  at  this 
time  being  88,  of  which  number  25  were  in  blast,  the  works 
previously  established  in  the  mean  time  adding  to  their  number 
of  furnaces,  and  thus  increasing  their  resources  for  production  in 
the  future. 

The  works  at  Normanby,  of  Messrs.  Jones,  Dunning  &  Co., 
commenced  operations,  in  1861,  with  two  furnaces,  followed  in 
1868  by  the  Grosmont  Works,  of  Messrs.  Charles  and  Thomas 
Bagnall,  with  two  furnaces  in  the  early  part  of  the  year ;  and  the 
Newport  Works,  of  Messrs.  B.  Samuelson  &  Co.,  with  three 
furnaces  in  August  of  the  same  year. 

The  works  at  Cargo  Fleet,  of  Messrs.  Swan,  Coates,  &  Co., 
were  completed  towards  the  close  of  1865,  and  in  June,  1866, 
two  furnaces  were  blown  in.  These  were  succeeded  by  the 
Linthorpe  Works,  of  Messrs.  Lloyd  &  Co.,  where  four  furnaces 
were  blown  in  about  August  of  the  same  year.  In  the  following 
year  the  Glaisdale  Works,  of  Messrs.  Firth  &  Hodgson,  and 
situated  near  Whitby,  were  put  in  operation.  Other  works 
followed :  the  Ayresome,  of  Messrs.  Gjers,  Mills  &  Co.,  in  1870 ; 
the  Carlton,  of  the  Industrial  Iron  Company,  and  the  Norwegian, 
of  the  Titanic  Iron  Ore  Company,  with  one  furnace ;  and  Uiose 
at  Ayresome  and  Carlton  with  two  each  in  the  same  year,  when 
the  total  number  of  furnaces  in  the  Cleveland  district  was  74,  of 
which  number  67  were  in  blast,  producing  in  that  year  916,970 
tons  of  pig-iron. 

In  1871  the  Lackenby  Iron  Company,  with  two  furnaces,  com- 
menced the  manufacture  of  pig-iron,  a  third  being  in  course  of 
erection ;  and  in  1873  the  Coatham  Works,  of  Messrs.  Downey  & 
Co.,  with  two  furnaces;  these  were  followed,  in  1874,  by  the 
Acklam  Works,  of  Messrs.  Stevenson,  Jaques  &  Co.,  with  four 
furnaces ;  the  Loftus,  Bedcar,  and  Stockton  Ironworks ;  and  in 
1875  by  the  Thomaby  Ironworks,  of  Messrs.  William  Whitwell 
&  Co.,  each  with  two  furnaces.  The  Loftus  Ironworks  have 
recently  been  acquired  by  a  new  company,  and  are  now  known 
as  the  Skinningrove  Works,  the  company  being  incorporated  on 
the  8th  June,  1880,  since  which  date  a  few  changes  of  proprietor* 
ship  have  occurred  in  other  works.  In  the  annexed  table  is  given 
the  numbers  of  furnaces  built  and  in  blast,  the  make  of  pig-iron, 
and  the  average  yield  per  furnace  in  each  year  since  1855 : — 
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FURNACES. 

Year. 

Pig-Iron  made. 

Average  per 
tMniace. 

Built. 

III  Blnst. 

Nos. 

Nos. 

Tons. 

Tons. 

1855 

23 

21 

84,600 

4,024 

1856 

31 

23 

179,400 

7,800 

1857 

32 

23 

179,838 

7,816 

1858 

30 

20 

189,320 

9,466 

1859 

30 

23 

216,127 

9,400 

1860 

33 

25 

248,665 

9,946 

1861 

33 

26 

234,656 

9,025 

1862 

32 

28 

283,398 

10,121 

1863 

42 

33 

315,197 

9,551 

1864 

47 

41 

409,106 

9,979 

1865 

65 

53^ 

486,421 

9,011 

1866 

67 

55| 

546,091 

9,839 

1867 

67 

50| 

640,892 

12,699 

1868 

69 

60 

699,494 

13,989 

1869 

69 

51 

766,410 

15,027 

1870 

74 

67 

916,970 

13,686 

1871 

75 

70 

1,029,885 

14,713 

1872 

81 

73J 

1,122,114 

15,215 

1873 

78 

76 

1,156,431 

15,216 

1874 

97 

85 

1,158,471 

13,629 

1876 

87 

73 

1,240,243 

16,990 

1876 

86 

75 

1,261,013 

16,813 

1877 

89 

75 

1,374,582 

18,314 

1878 

90 

67 

1,358,442 

20,275 

1879 

90 

70 

1,210,091 

17,287       ' 

1880 

91 

72 

1.666,156 

23,141 

The  apparent  want  of  constancy  in  the  average  vield  per 
ftumace  in  1879  is  due  to  the  fact  of  several  of  the  furnaces  being 
but  partially  in  operation  during  that  year.  Bearing  upon  the 
production  per  annum  per  furnace  of  Uiis  district,  Mr.  Windsor 
Bichardsy  recently  in  his  address  to  the  Cleveland  Institution  of 
Engineers,  refers  to  the  Cleveland  furnaces  in  these  words ;  he 
says,  **  Some  years  ago  this  district  took  the  lead  in  blast  furnace 
construction  and  practice,  and  may  still  be  proud  of  its  best 
examples  of  blast  furnace  plant,  but  latterly  few  improvements 
have  been  made.  In  1876  the  output  of  Cleveland  pig-iron  per 
furnace  per  week  amounted  to  880  tons ;  in  1877,  to  817 ;  in 
1878,  to  406  tons ;  and  in  1879,  to  417  tons ;  and  this  year 
(1880)  the  output  will  be  about  427  tons,  showing  but  small 
progress.  Some  few  furnaces  in  the  district  have  made  regularly 
over  500  tons  per  week.  The  manufacture  of  Bessemer  pig-iron, 
Spiegeleisen,  and  ferro-manganese,  is  becoming  a  large  industry 


896 


COAL  AND  IRON  INDUSTRIES. 


[PAKT  II. 


in  Cleveland.  Before  1876  there  was  no  separate  account  kept 
of  Bessemer  pig-iron  made  in  the  Cleveland  district.  Since  that 
date  the  production  has  been  as  follows : — 

TEAS.  TOVB. 

1876 125,000 

1877 200,000 

1878 339,131 

1879 274,939 

"  The  falling  oflf  in  1879  was  owing  to  the  Durham  miners' 
strike,  and  bad  trade,  and  this  year  (1880)  it  will  probably  be 
600,000  tons.  The  total  production  of  the  blast  furnaces  of  the 
North  of  England  district  will  probably  reach  the  enormous  total 
of  2,490,000  tons." 

Mr.  W.  Bichards  gives  some  interesting  details  showing  the 
eflSciency  of  the  metallurgical  operations  at  the  Consett  Ironworks 
in  Durham,  and  says :  "A  blast  furnace  practice,  in  the  manu- 
facture of  Bessemer  pig-iron,  worthy  of  imitation,  is  that  of 
Mr.  William  Jenkins,  of  Consett,  who,  at  my  request,  furnished 
me  with  the  following  information,  and  the  results  show  what  I 
believe  to  be  the  best  blast  furnace  in  England.  The  figures  are 
for  eight  consecutive  weeks  in  hematite  pig-iron : — ^Iron  produced, 
6,454  tons  13  cwts. ;  average  per  week,  806  tons  17  cwts. ;  53  per 
cent,  of  the  make  being  No.  1  quality.  Coke  used  per  ton  of  iron 
made,  19*21  cwts.  The  furnace  is  55  feet  high,  20  feet  diameter 
at  the  bosh;  8  feet  hearth;  7  tuyeres;  4-inch  muzzles;  blast,  4^  lbs. 
pressure  per  square  inch.  There  are  four  WhitweU  stoves, 
22  feet  diameter,  28  feet  6  inches  high,  each  stove  having  a  heat- 
ing surface  of  8,200  feet;  temperature  of  the  blast  averages 
1,200  deg.  Fahr.  Mr.  Jenkins  attributes  these  good  results  to 
the  better  distribution  of  the  blast,  large  hearth,  better  lines  of 
furnace,  and  good  heat."  According  to  Mr.  W.  Bichards,  the 
average  yield  of  the  furnaces  of  the  Cleveland  district  has  been  as 
follows  during  the  ten  years  ending  1879  ;  output  per  annum  per 
furnace — 


Year. 

Tons. 

Year. 

Tons. 

1870 
1871 
1872 
1873 
1874 

14,491 
15,196 
15,146 
15,148 
16,009 

1875 
1876 

1877 
1878 
1879 

17,653 
18,693 
20,046 
20,645 
20,016 
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It  only  remains  to  append  the  following  list  of  works  and 
owners,  with  the  number  of  furnaces  built  and  in  blast  in  the 
year  1880  :— 


No. 


1 
2 
3 
4 
5 
6 
7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

19 

20 


Nanie  of  Works. 


Aeklam,  Middlesbro' 

Ayresome,  Middlesbro'  -on-Tees 

Cargo  Fleet,        „  „ 

Clay  Lane,  £8ton  Junction 

Coatham,  Middlesbro' 

Middlesbro' 

£8t(m  (Iron  and  Steel) 

Glaifldale  (Yarm) 

Groemont,  Whitby  . 
Lackenby,  Middlesbro' 
linthorpe         „ 
Skinningrove 
Newport,  Middlesbro* 
Kormanby,        ,, 
Onnesby,  „ 

South  Bank,  Middlesbro' 
Tees,  Middlesbro' 

Tees  Side,    „ 

Thomaby,  Stockton    . 


Owners. 


Sterenson.  Jaques  &  Co. 
Ojers,  Mills  &  Co.  . 
Cargo  Fleet  Iron  Co.   . 
Owners  of  Clay  Lane  Ironworks 
Downey  &  Co.     . 

Bolckow,  Yaughan  &  Co.,  lim.  { 

South  Cleyeland  Ironworks  Co.  ( 
Limited     .        .        .        .     ) 

Chas.  and  Thoe.  Bagnall,  jun.     . 

Downey  &  Co 

Edward  Williams 

The  Skinningrove  Iron  Co.,  Lim. 

B.  Samuelson  &  Co. 

Jones,  Dunning  &  Co. 

Cochrane  &  Co 

Walker,  Maynard  &  Co.      . 

Bolckow^aughan  &  Co.,  lim.   . 

Wilson,  JPeaee  &  Co.    . 

Tees  Side  Iron  &  Engine  Works  I 
Co / 

WUliam  Whitwell  &  Co.     . 

Total  of  North  Biding    .    . 


rURKACGS. 


Built. 


4 
4 
6 
6 
2 
3 
11 


3 
3 
6 
2 

8 
3 

4 
4 
8 
6 


In 
Blast. ! 


91 


4 
4 
4 
3 
2 
3 
11 


2 
3 
3 
2 
8 
3 
4 
4 
8 
6 

4 

3 


80 


Distribution  of  Clovelaad  Pig-iron. — The  pig-iron  is  widely 
distributed  at  home  and  abroad,  and  is  increasing  yearly.  The 
total  quantities  shipped  to  foreign  countries,  and  to  other  parts 
of  the  United  Kangdom,  from  the  port  of  Middlesborough  during 
the  four  years  ending  1880,  were  as  follows : —  * 


Year. 

Foreign. 

Coastwise. 

Total. 

1877 
1878 
1879 
1880 

Tons. 
321,946 
337,559 
395,658 
495,638 

Tons. 
460,390 
422,480 
419,905 
464,943 

Tons. 
782,336 
760,339 
815,563 
960,581 

The  foreign  countries  receiving  the  shipments  in  each  of  the 
same  years  appear  in  the  annexed  statement : — 


*  Cleyeland  Iron  Marten'  ABSociation  Betorns,  5  Jan.,  1881. 
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Conntries. 

1880. 

1879. 

1878. 

1877. 

Tons. 

Tons. 

Tons. 

Tons. 

GFermany 

110,611 

106,681 

96,801 

90,368 

Holland     . 

•         • 

69,684 

68,732 

72,930 

67,660 

France  . 

68,085 

53,809 

61,297 

68,946 

Belgium    . 

73,144 

44,565 

50,270 

41,620 

Sw^en  . 

12,487 

8,776 

10,162 

11,290 

Norway     . 

5,385 

7.758 

6,763 

12,763 

Spain     . 

18,695 

23,223 

12,311 

9,377 

Portugal   . 

6,328 

10,250 

11,592 

4,901 

Russia    . 

33,454 

22,060 

9,000 

7,199 

Denmark  . 

4,243 

3,162 

1,883 

3,720 

Italy      . 

1,645 

2,967 

3,495 

3.987 

Jersey 

•  •  • 

75 

80 

• .  • 

India 

250 

•  *  • 

270 

125 

Japan 

900 

• « • 

550 

•  •  • 

China     . 

300 

•  •• 

•  •  • 

•  •  • 

Austria 

140 

600 

•  •  • 

•  «  • 

B.  N.  America 

•  •  • 

1,000 

205 

•  •  • 

U.  S.  America  . 

90,087 

42,000 

•   B  • 

•   B  • 

Egypt    . 

• 

200 

•  •  • 

•   ■  • 

•  •• 

Total     . 

495,638 

395,658 

337,559 

321,946 

The  shipment  coastwise,  and  the  respective  ports  receiving  the 
same,  were  as  follows  in  each  of  the  same  years : — 


Ports. 

1880. 

1879. 

1878. 

1877. 

Scotland 

Wales 

Newcastle 

Otiier  ports                .    . 

Total . 

Tons. 

283,463 

89,204 

52,332 

39,944 

Tons. 

285,846 

70,267 

35,492 

28,300 

Tons. 

330,554 

58.740 

30,716 

32,470 

Tons. 

317,249 

60,339 

48,478 

34,324 

464,943 

419,905 

422,480 

460,390 

Avaraga  Frioa  of  Clavalaiid  Fig-Zroa. — ^Following  the  pages 
of  those  journals  devoted  to  the  progress  of  the  iron  trade, 
evidence  is  afforded  of  the  very  low  prices  of  pig-iron  in  recent 
years.  In  1873  the  highest  price  that  Cleveland  pig  attained 
in  the  market  was  reached,  namely,  £5  ds.  2d.,  since  which  date 
it  has  receded,  till  in  July,  1879,  it  was  sold  (No.  8)  at  82s.  per 
ton.  An  improvement  appears  in  1880,  when  the  average  of  the 
year's  quotations  shows  an  increase  of  nearly  lOir.  per  ton.  The 
variations  in  previous  years  were  as  follows : — 
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Year. 

Average. 

Highest 

Lowest. 

£    $.     d. 

£     s.      d. 

£  «.   cf. 

1868 

2  3  2 

2  9  6 

2  3  0 

1869 

2  5  9 

2  10  0 

2  3  0 

1870 

2  10  3 

2  13  0 

2  7  6 

1871 

2  9  8 

3  5  0 

2  6  6 

1872 

4  17  1 

5  15  0 

3  5  0 

1873 

5  9  2 

6  5  0 

4  7  6 

1874 

3  10  11 

4  7  6 

3  0  0 

1876 

2  14  6 

2  19  0 

2  9  0 

1876 

2  7  10 

2  13  6 

2  5  0 

1877 

2  2  1 

2  6  0 

2  5  0 

1878 

1  18  2 

2  1  0 

1  14  6 

1879 

2  1  2 

2  15  0 

1  16  6 

1880 

2  10  6 

3  9  0 

2  2  0 

The  lowest  price  previous  to  1878  was  in  1868,  when  the 
average  was  but  £fl  8s.  2(2. ;  and  it  is  only  necessary  to  add  that 
the  average  price  in  1879  increased,  owing  to  the  sudden  impulse 
imparted  to  the  iron  trade  in  the  last  quarter  of  the  year,  when 
prices  rose  from  88s.  to  55s.  per  ton. 

Coal  and  Zroiuitone  used  in  ICanufiftotitre. — Mr.  Windsor 
lUchards,  who  has  carefully  consided  the  question  of  fuel  used 
in  manufacture,  and  who  has  followed  its  economy,  says,  that 
''the  improvements  most  conspicuous  in  recent  blast  furnace 
practice  are  to  be  found  in  the  better  means  adopted  for  heating 
the  blast  in  the  Cowper  and  Whitwell  firebrick  stoves.  It  is 
difficult,*'  he  adds,  ^'  to  ascertain  the  amount  of  coke  consumed  to 
make  a  ton  of  Cleveland  iron,  as  blast  furnace  managers  are  very 
reticent  on  this  point,  but  there  is  little  doubt  that  the  consump- 
tion of  coke  has  of  late  years  increased  and  is  increasing,  and  the 
matter  is  so  important  to  us  as  a  district  in  the  severe  competition 
we  have  to  contend  with,  that  the  following  details,  describing  the 
alterations  recently  made  in  these  stoves,  to  render  them  efficient 
and  economical,  will  be  interesting  "  : — 

**  The  Cowper  stove  is  made  much  higher  than  formerly,  so 
giving  largely-increased  heating  sur&ce,  which  reduces  the 
temperature  of  the  escaping  gases  at  the  chimney  valve  to  about 
400  degrees  Fah.,  after  having  been  on  gas  for  three  hours,  thus 
utilising  to  the  fullest  practicable  extent  the  waste  gases  of  the 
former.  The  stoves  are  now  made  up  to  26  feet  diameter  and 
54  feet  high,  and  have  the  enormous  heating  surface  of  75,000  feet* 
With  two  such  stoves  to  a  large  furnace  the  heat  may  be  kept  on 
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for  four  hours,  with  a  loss  of  heat  not  exceeding  150  degrees. 
The  combustion  chamber,  or  flame  flue,  has  been  moved  from  the 
centre  to  the  side  of  the  stove,  whereby  the  whole  surface  of  the 
brickwork  is  rendered  effective  for  absorbing  and  giving  up  heat. 
The  gas  is  admitted  at  the  bottom  of  this  combustion  chamber, 
and  is  split  up  into  three  parts  so  as  to  attain  a  more  complete 
mixture  of  air  and  gas,  which,  in  the  increased  diameter  of  the 
chamber,  enables  more  gas  to  be  consumed,  giving  a  better  flame 
to  the  centre  of  the  flue.  The  simple  means  adopted  of  clearing 
the  dust  from  the  stove  during  tapping  time  (the  man-hole  floors 
are  hinged,  and  can,  by  the  aid  of  a  long  lever,  be  readily  opened 
and  closed)  and  the  sudden  letting  out  of  the  compressed  air 
through  these  openings  clears  away  some  of  the  dust.  Any  dust 
which  may  be  lodged  in  the  stove  can  be  got  down  by  light 
charges  of  gunpowder  flred  through  the  '  sight-holes.'  If  these 
simple  expedients  are  regularly  attended  to  the  stove  can  be  kept 
continuously  at  work  for  many  months  together.  There  is  also 
a  specially  constructed  down-comer  for  the  gas,  with  a  contrivance 
for  trapping  some  of  the  dust,  and  so  prevent  it  from  entering  the 
stove.  The  bricks  used  in  the  regenerator  are  made  larger  than 
formerly,  the  size  now  preferred  being  2  inches  by  5  inches  by 
12  inches.  There  are  also  tiles  placed  over  the  very  many 
passages  to  distribute  the  products  of  combustion  equally  over  the 
whole  regenerator.  By  these  means  the  blast  may  be  readily 
heated  up  to  1,500  degrees  Fah.  The  hot-air  valve,  which  used 
to  be  very  troublesome  in  these  stoves  when  they  were  first 
designed,  now  works  very  well,  and  without  any  water  for  keeping 
it  cool." 

Mr.  W.  Bichards  further  remarks,  in  reference  to  the  Whitwell 
stoves,  that  at  several  works  which  he  lately  visited — Cockeril,  iu 
Belgium ;  Denain,  in  France,  and  Millom — ^he  noticed  that  the 
Whitwell  stoves  are  being  increased  in  height.  Mr.  Massicks,  of 
Millom,  has  raised  a  set  of  stoves  for  one  furnace  from  28  feet  to 
40  feet,  and  finds  that  the  temperature  of  the  escaping  gases  from 
the  40  feet  stoves,  taken  at  the  chimney  valve,  is  360  degrees 
Fah.,  and  that  of  the  28  feet  stove,  taken  under  exactly 
similar  circumstances,  is  495  degrees  Fah.  Both  of  these  were 
taken  after  having  been  on  gas  for  three  hours.  This  alteration, 
by  increasing  the  heating  surface,  gives  greater  regularity  of 
work  in  the  blast  furnace.     These  stoves  are  now  being  built 
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15  feet,  18  feet,  and  22  feet  diameter,  by  40  feet,  50  feet,  and 
60  feet  high,   according    to    circumstances;    and  in  America 
"NVhitwell's  stoves  are  being  constructed  21  feet  in  diameter  and 
70  feet  high,  each  stove  having  80,900  feet  of  heating  surface. 
The  advantages   of  these    high    stoves    are  increased  heating 
surfaces,  more  perfect  combustion,  and  reduced  number  of  stoves, 
consequently  reduced  space   and  cost  per  furnace.     The  gases 
enter  the  large  combustion  chamber,  where  they  are  mixed  with 
hot  air,  drawn  by  a  new  arrangement  through  the  bottom  brick- 
work of  the  stove.     The  flame  rises  to  the  top  of  the  combustion 
chamber,  then  descends  three  smaller  chambers  at  the  same  time, 
where  it  is  mixed  with  more  warm  air ;  it  again  ascends  through 
two  or  three  chambers  at  a  time,  and  finally  descends  the  three 
or  four  remaining  chambers,  having  been  mixed  with  air  at  each 
ascent   and   descent.     It   then    escapes   at   the   chimney  valve 
at  a  very  low  temperature,  say  from  SOO""  to  400''  Fahr.     Doors 
allow  access  for  the  scrapers  for  removing  the  dust  from  the 
walls  of  the  chambers,  and  other  doors,  six  in  number,  allow 
of  the  dust  which  has  fallen  from  the  walls  being  readily  removed 
from  the  bottom  of  the  stove.     This  scraping  and  cleanii%  of  the 
stove  need  not  occupy  more  than  six  hours  every  three  or  four 
months,  and  there  is  no  necessity  for  cooling  down  the  stove  for 
cleaning,  for  directly  the  blast  is  shut  off  the  operation  of  clean- 
ing can  be  immediately  commenced.     There  is  a  disadvantage  in 
having  several  firebrick  stoves  working  into  one  large  main  flue 
leading  to  a  single  chimney,  as  it  necessitates  the  stoppage  of  the 
whole  of  the  blast  furnaces  during  the  time  the  main  flue  is  being 
cleaned.    Perhaps  a  better  arrangement  would  be  to  erect  a 
wrought-iron  chimney  for  each  stove,  just  high  enough  to  convey 
the  waste  gases  over  the  heads  of  the  men  charging  the  blast 
furnaces.     The  chimney  could  be  secured  to  the  stove  itself,  and 
the  waste  heat  is  so  low  that  no  damage  would  result  to  the  plates 
of  the  chimney. 

The  united  improvements  of  these  hot-air  stoves  in  recent  years, 
and  the  adjustment  of  the  blast  furnace  to  the  largest  capacity, 
consistent  with  economy,  for  smelting  the  ore  of  Cleveland,  have 
mainly  contributed  to  economy  in  the  use  of  fuel.  In  1860  the 
consumption  of  fuel  was  an  average  of  38  cwts.  of  coke,  or  68  cwts. 
of  coal  per  ton  of  iron,  the  coal  yielding  60  per  cent,  of  coke.    As 
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a  matter  of  general  practice,  Mr.  I.  Lowthian  Bell  *  says  "  that  a 
capacity  of  12,500  cubic  feet,  with  air  at  1,000°  Fahr.,  is  regarded 
as  effecting  all  that  can  be  hoped  for  in  reducing  the  coke  required 
for  the  blast  furnace.  Other  considerations  connected  with 
labour,  &c.,  have  led  many  ironmasters  to  think  that  a  furnace 
80  feet  high,  with  a  diameter  of  25  feet,  and  containing  therefore 
25,000  cubic  feet,  when  supplied  with  air  at  1,000  degrees  Fahr., 
is  as  economical  a  form  as  can  be  devised  for  smelting  the  iron- 
stone of  Cleveland.  The  weekly  make  of  a  furnace  of  the  above 
dimensions  is  said  to  be  400  tons." 

Following  the  consumption  of  fuel  in  the  manufacture  of  pig- 
iron,  the  annexed  statement  gives,  for  the  nine  years  ending 
1880,  the  pig-iron  made  and  the  coal  and  ironstone  used  in  its 
manufacture : — 


Year. 

Pig- Iron  Hade. 

Coal  Used. 

Ore  Used. 

Tons. 

Tons. 

Tons. 

1872 

1,122,114 

2,533,781 

3,493,000 

1873 

1,156,431 

2,643,997 

3,489,383 

1874 

1,158,471 

2,896,177 

3,504,660 

1875 

1,240,243 

2,875,357 

3,740,300 

1876 

1,261,013 

2,923,870 

3,807,800 

1877 

1,374,582 

3,220,616 

4,339,907 

1878 

1,358,442 

2,934,634 

4,234,017 

1879 

1,210,091 

2,589,660 

3,699,108 

1880 

1,666,156 

3,611,543 

5,044,420 

An  analysis  of  these  figures  shows  that  in  1872  and  1878  each 
ton  of  pig-iron  consumed  46  cwts.  of  coal ;  in  1876  and  1877  it 
was  slightly  above  this  average,  while  in  1878  and  1879  the 
average  was  about  41i  and  42f  cwts.  of  coal  respectively  to  each 
ton  of  pig-iron  made.  In  1872  the  average  of  the  kingdom 
was  51  cwts.  of  coal  to  each  ton  of  iron  made,  compared  with 
44  cwts.  in  the  year  1880,  showing  economy  to  the  extent  of 
7  cwts.  of  coal  to  each  ton  of  iron  made,  equivalent  to  a  saving  of 
nearly  14  per  cent,  in  a  period  of  nine  years. 

The  average  amount  of  metallic  iron  in  the  ores  of  Cleveland 
is  about  30  per  cent.,  and  where  the  ore  alone  is  employed 
70  cwts.  of  raw  stone  is  required  to  each  ton  of  pig-iron.  The 
ironstone  is  previously  calcined  in  suitable  kilns — ^the  mineral 

*  "  Notes  on  the  Progress  of  the  Iron  TrtLde,'"— The  Iran  and  Coal  Trade  Review 
Jane  7th,  1878. 
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being  thus  concentrated,  100  tons  of  raw  stone  yielding  on 
calcination  from  70  to  75  per  cent,  of  metal,  and  even  more.  In 
the  calcination  of  the  ironstone,  in  Gjer's  calcining  kilns,  largely 
employed  in  the  district,  having  a  capacity  of  5,500  cubic  feet, 
about  one  ton  of  coal  slack  is  required  for  each  20  tons  of  iron- 
stone, while  in  kilns  of  larger  capacity  the  consumption  of  fuel 
is  reduced  to  one  ton  per  25  tons  of  ironstone. 

As  previously  stated,  70  cwts.  of  raw  Cleveland  stone  is  re- 
quired for  each  ton  of  pig-iron  made ;  considerable  quantities  of 
richer  ores  are,  however,  employed ;  these  are  the  hematites  of 
the  west  coast,  and  of  Spain,  containing  from  50  to  60  per  cent., 
and  even  more,  of  metallic  iron,  which,  when  used  in  admixture 
with  the  Cleveland  stone,  greatly  diminishes  the  quantity  of  ore 
employed  in  making  each  ton  of  iron,  which  does  not  exceed  from 
60  to  62  cwts. 

Beferring  to  the  question  of  fuel  and  ore  used  in  the  Cleveland 
furnaces,  it  only  remains  to  add  that  the  coke  employed  is 
obtained  from  the  Durham  coal-field,  the  iron  ore  employed,  as 
already  stated,  being  derived  from  various  localities;  the  great 
bulk  being  obtained  in  the  district. 

Of  the  iron  ore  thus  employed,  the  statement  below,  prepared 
fi^m  numerous  sources,  will  show  approximately  the  quantities 
used,  and  from  whence  derived,  in  each  year  since  1872 : — 


Vaa*> 

Cleveland 

Cumber- 

Lancashire 

Foreign 

Other 

Total  Iron 

lear. 

Ironstone. 

land  Ore. 

Ore. 

Ore. 

Ores. 

Ore  used. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1872 

2,955,000 

32,498 

17,502 

58,000 

430,000 

3,493,000 

1873 

2,920,000 

32,629 

30,250 

64,280 

442,224 

3,489,383 

1874 

2,980,500 

57,668 

11,210 

49,379 

404,903 

3,504,660 

1875 

3,296,824 

32,438 

10,000 

27,523 

373,515 

3,740,300 

1876 

3,524,962 

38,736 

21,600 

94,269 

108,233 

3,807,800 

1877 

3,980,770 

40,087 

25,945 

133,562 

159,543 

4,339,907 

1878 

3,850,045 

37,578 

25,430 

178,982 

135,982 

4,234,017 

1879 

3,380,015 

37,896 

31,694 

112,247 

137,256 

3,699,108 

1880 

4,463,229 

35,298 

22,646 

430,212 

93,035 

5,044,420 

The  quantities  in  the  column  ''  other  ores  "  include  ores  from 
various  localities,  Cornwall,  Devonshire,  &c. ;  also  forge  and  mill 
cinder  from  the  malleable-iron  works  and  "  purple  ore." 

Malloabla  Ironworks  and  Staalworks. — The  Middlesborough 
Bar  Ironworks  were  projected  by  the  Messrs.  Bolckow  & 
Yaughan  about  the  year  1840,  and  twenty  years  later  consisted  of 
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70  puddling  furnaces  and  6  rolling  mills.  In  the  year  1852  these 
works  turned  out  no  less  than  56,000  tons  of  plate,  rails,  and 
other  kinds  of  finished  iron,  including  angle-ii*on  of  all  sizes.  In 
1860  the  works  and  their  resources  were  as  follows,  giving  an 
aggregate  of  116  puddling  furnaces  and  16  rolling  mills : — 


Name  of  Works. 

Name  of  Firm. 

Number  of 
Puddling 
Furnaces. 

Number  of 
Rolling 
Mills. 

Middlesbro'     . 
Tees   .        .        .     . 
Tees  Side 

Bolckow  &  Yaughan  . 
jGilkes,  Wilson,  Pease  | 
\      &  Co.         .        .    1 
Hopkins  &  Co.    . 

Total .        .     . 

70 

5 

41 

6 
6 
4 

116 

16 

Recently,  in  the  pages  of  the  Colliery  Gtmrdian,*  appeared  an 
interesting  account  of  the  finished  iron  trade  of  Cleveland,  from 
which  many  of  the  following  facts  and  figures  are  drawn.  The 
puddling  fornace  and  the  rolling  mill  inevitably  followed  in  the 
train  of  the  blast  furnace,  and  as  the  number  of  the  latter 
multiplied  so  also  did  the  former  increase.  During  the  decade 
1860 — 1870  the  height  and  economy  of  the  blast  furnace  was 
the  all-absorbing  question  in  the  district,  and  after  came  that  of 
mechanical  puddling.  In  1870  there  were  20  works  in  Durham 
and  11  in  Cleveland,  with  a  total  of  1,682  puddling  furnaces  and 
97  rolling  mills,  of  which  529  puddling  furnaces  and  30  rolling 
mills  were  in  Cleveland,  the  remainder  being  in  Durham,  giving 
an  average  of  51  puddling  furnaces  and  3  rolling  mills  to  each 
concern. 

The  works  and  firms  in  operation  in  1870  were  as  follows  : — 


Name  of  Works. 

Name  of  Firm. 

Situate. 

Puddling 
Furnaces. 

Rolling 
Mills. 

North  Torkshire 
Cleveland    . 
Middlesbro'     . 
Witton  Park 
Tees  Side 
Ne-wport 
Stockton 
Thomaby    . 
Yorkshire 
Westboume 
West  btockton     . 

North  Torkshire  Iron  Co.,  Lim.  . 
Bolokow  &  Vaughan    . 

»              >»             •        • 

Hopkins,  Gilkes  &  Co.,  Limited 
Fox,  Head  &  Co.     . 
Stockton  Malleable  Iron  Co. 
William  Whitwell  &  Co. 
Richardson,  Back  &  Co. 
John  Holdsworth  &  Co.  . 
West  Stockton  Iron  Co. 

' 

Middlesbro' 

it 

»» 

Stockton 

»> 

»> 
» 

» 

Nos. 

as 

|l76 

102 
54 
56 
31 
9 
21 
23 

Nos. 
1 

8 

5 
2 
5 
3 
2 
1 
3 

Total  of  District .        .     . 

■               • 

529 

30 

17th  December,  1880,  p.  971. 
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About  this  time^  and  until  1878,  trade  was  in  a  buoyant  state, 
but  the  resources  for  manufacture  also  increased,  several  new 
works  being  projected ;  however,  towards  the  close  of  the  last- 
named  year  prices  began  to  decline,  and  this  told  heavily  upon  the 
department  of  trade  in  the  district ;  indeed,  no  other  department 
and  no  other  district  felt  it  so  heavily.  Towards  the  close  of 
1879  only  one-haK  of  the  works  for  the  manufacture  of  finished 
iron  were  in  operation.  Of  the  works  in  this  district  and  Durham 
22  were  standing  in  1879,  representing  a  total  of  1,828  puddling 
furnaces,  and  in  October,  1879,  Mr.  Wm.  Whitwell  gave  the 
following  as  the  condition  of  these  furnaces : — 

riTRNAOBS. 

Failed  and  not  sinee  restarted 821 

Pulled  down  for  steelworks 67 

Standing  possibly  temporarily 432 

Working 830 

Total  fumaoes  ....   2,150 

The  depression  in  the  finished  iron  trade  was  decisively  shown 
in  1876,  when  there  was  a  great  falling  off  in  the  production. 
In  1877  this  was  made  manifest  by  a  decrease  in  the  number  of 
works  employed  in  that  department  of  the  trade.  Not  the  least 
remarkable  feature  of  the  trade  is  the  fact  that  the  production  of 
finished  iron  decreased  while  that  of  pig-iron  increased. 

There  is  no  means  of  ascertaining  correctly  the  quantity  of 
finished  iron  made  annually,  statistics  not  being  collected  in  this 
branch  of  the  iron  trade.  There  is,  however,  one  reliable  source 
of  information.  Since  the  year  1872  the  firms  on  the  north" 
east  coast,  that  are  associated  with  the  Board  of  Arbitration  for 
the  district  under  review,  have  given  annual  returns  of  their  pro- 
duction. It  is  believed  that  between  the  years  1872  and  1877 
the  firms  in  association  produced  nine-tenths  of  the  total  finished 
iron  in  the  district,  but  since  1877,  owing  to  some  large  firms 
having  withdrawn  from  that  board,  the  statistics  issued  under  its 
auspices  are  said  now  to  represent  only  three-fourths  of  the  total 
production. 

From  the  returns  of  the  Board  of  Arbitration,  in  each  of  the 
following  years,  will  be  seen  the  proportion  of  the  several 
varieties  of  finished  iron,  and  the  fluctuations  to  which  each  of 
these  branches  of  the  trade  has  been  subject : — 
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Year. 

RaUs. 

Plat<w. 

Bars. 

Angles. 

Total. 

Tons. 

Tons. 

Tona. 

Tons. 

Tons. 

1872 

330,000 

194,857 

82,653 

63,967 

671,477 

1873 

356,884 

182,151 

87,368 

48,843 

675,246 

1874 

291,620 

196,099 

100,157 

54,450 

642,226 

1875 

270,828 

190,757 

111,800 

45,369 

618,754 

1876 

118,615 

189,611 

97,133 

57,930 

463,289 

1877 

40,425 

236,195 

84,844 

73,738 

435,202 

1878 

25,973 

280,754 

93,937 

105,178 

505,842 

1879 

8,460 

217,121 

76,848 

61,114 

363,543 

1880 

27,414 

316,720 

71,377 

92,897 

508,434 

The  branch  of  the  finished  iron  trade  that  has  shown  the 
greatest  diminution  is  the  manufacture  of  iron  rails,  and 
Mr.  Edw.  Williams,  President  of  the  Iron  and  Steel  Institute, 
explained  the  cause  of  the  decay  of  the  industry  clearly  in  a 
recent  address,  when  he  said  :  ''  That  for  rail  making  the  pud- 
dling forge  has  disappeared,  and  it  is  highly  improbable  that  it 
will  return.  The  place  of  it  has  been  entirely  taken  by  the 
Bessemer  pit,  which,  in  principle,  general  arrangement,  and  the 
most  minute  details,  remains  as  it  came  from  the  hands  of  the 
inventor,  and  seems  scarcely  to  admit  of  much  improvement. 

''If  it  be  true  that  iron  rails  are  doomed  to  ultimate  disuse,  it 
is  no  less  true  that  the  present  year  has  witnessed  the  beginning, 
in  Cleveland,  of  the  manufacture  of  steel  rails  from  its  own  native 
iron,  the  cheapest  in  the  world.  The  basis  of  a  new  industry 
has  been  laid  in  this  department  of  the  trade  under  the  most 
favourable  auspices.  The  firm  of  Messrs.  Bolckow  &  Yaughan, 
who  were  the.  pioneers  of  the  Cleveland  iron  trade,  and  who  now 
produce  one-third  of  the  total  quantity  of  the  iron  produced  in 
the  district,  have  also  taken  the  lead  in  the  establishment  of  steel 
works.  In  the  year  1877  they  opened  the  Eston  Steelworks, 
which  had  been  about  eighteen  months  in  course  of  construction. 
They  were  started  especially  for  the  manufacture  of  steel  rails, 
and  for  that  purpose  Spanish  hematite  was  imported  in  consider- 
able quantities.  Since  then  the  discovery  of  the  basic  process  of 
dephosphorisation  last  year,  and  its  successful  application  more 
recently  at  the  above-named  works,  will  probably  prove  the  com- 
mencement of  a  new  and  mor^  promising  era  in  the  history  of  the 
finished  iron  trade  of  Cleveland." 

The  successful  issue  of  the  experiments  made  in  this  direction 
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are  thus  referred  to  by  Mr.  E.  W.  Richards,  in  his  address  to  the 
Institution  of  Cleveland  Engineers,  in  November,  1880. 

Tha  Thomas-Oilcliruit  Procass. — He  said  :  "  A  short  history 
and  description  of  a  process  which  has  created  so  much  interest 
in  the  metallurgical  world  during  the  last  two  years  will  no  doubt 
be  of  interest  to  you,  Messrs.  Thomas  and  Gilchrist  made 
numerous  experiments  on  a  small  scale  at  the  Blaenavon  Iron- 
works, where  they  were  assisted  by  the  manager,  Mr.  Edward  P. 
Martin,  and  they  tried  also  a  couple  of  casts  in  a  large  converter 
at  Dowlais.  They  prepared  a  paper,  giving  very  fully  the  results 
of  their  experiments,  with  analyses,  which  was  intended  to  be 
read  at  the  autumn  meeting  of  the  Iron  and  Steel  Institute  in 
Paris  in  1878 ;  but  so  little  importance  was  attached  to  it,  and 
so  little  was  it  believed  in,  that  the  paper  was  scarcely  noticed, 
and  it  was  left  unread  till  the  spring  meeting  in  London  in  1879. 
Mr.  Sidney  Thomas  first  drew  my  particular  attention  to  the 
subject  at  Creusot,  and  we  had  a  meeting  a  few  days  later  in 
Paris  to  discuss  it,  when  I  resolved  to  take  up  the  matter,  pro- 
vided I  received  the  consent  of  my  directors.  The  consent 
was  given,  and  on  the  2nd  of  October,  1878,  accompanied  by 
Mr.  Stead,  of  Middlesborough,  I  went  with  Mr.  Thomas  to 
Blaenavon.  Arrived  there,  Mr.  Gilchrist  and  Mr.  Martin  showed 
me  three  casts  in  a  miniature  cupola,  and  I  saw  sufficient  to 
convince  me  that  iron  could  be  dephosphorised  at  a  high 
temperature.  I  visited  the  Dowlais  Works,  where  Mr.  Menelaus 
informed  me  that  the  experiments  with  the  large  converter  had 
failed,  owing  to  the  lining  being  washed  out.  We  very  quickly 
erected  a  pair  of  80  cwt.  converters  at  Middlesborough,  but  were 
unable  for  a  long  time  to  try  the  process,  owing  to  the  difficulties 
experienced  in  making  basic  bricks  for  lining  the  converter  and 
making  the  basic  bottom.  The  difficulties  arose  principally  from 
the  enormous  shiinkage  of  the  magnesian  limestone  when  being 
burnt  in  a  kiln  with  an  up-draught,  and  of  the  failure  of  the 
ordinary  bricks  of  the  kiln  to  withstand  the  very  high  temperature 
necessary  for  efficient  burning.  The  difficulties  were,  however, 
one  by  one  surmounted,  and  at  last  we  lined  up  the  converters 
with  basic  bricks,  when,  after  much  labour,  many  failures,  disap- 
pointments, and  discouragements,  we  were  able  to  show  some  of 
the  leading  gentlemen  of  Middlesborough  two  successful  opera- 
tions on  Friday,  April  4th,  1879.   The  news  of  this  success  spread 
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rapidly  far  and  wide,  and  Middlesborough  was  soon  besieged  by 
the  combined  forces  of  Belgium,  France,  Prussia,  Austria,  and 
America.  We  then  lined  up  one  of  the  6-ton  converters  at 
Eston,  and  had  fail*  success.  The  next  meeting  of  the  Iron  &nd 
Steel  Institute  in  London,  under  the  presidency  of  Mr.  Edvard 
Williams,  was  perhaps  the  most  brilliant  and  interesting  ever 
held  by  the  Institute.  Messrs.  Thomas  and  Gilchrist's  paper 
was  read,  and  the  explanations  and  discussions  by  other  members 
of  the  Institute  were  listened  to  with  marked  attention.  Directly 
the  meeting  was  over,  Middlesborough  was  again  besieged  by  a 
large  array  of  Continental  metallurgists,  and  a  few  hundred- 
weights of  samples  of  basic  bricks,  molten  metal  used,  and  steel 
produced  were  taken  away  for  searching  analysis  at  home.  Our 
Continental  friends  were  of  an  inquisitive  turn  of  mind,  and,  like 
many  other  practical  men  who  saw  the  process  in  operation,  only 
believed  in  what  they  saw  with  their  own  eyes  and  felt  witk  their 
own  hands — and  were  not  quite  sure  then,  and  some  are  not  quite 
sure  even  now.  We  gave  them  samples  of  the  metal  out  of  the 
very  nose  of  the  converter.  Our  method  of  working  at  that  time  was 
to  charge  the  additions  of  oxide  of  iron  and  lime  at  the  same  time 
into  the  converter,  and  pour  the  molten  metal  upon  them.  The 
quantity  of  additions  varied  from  15  to  25  per  cent,  on  the  metal 
charged,  according  to  the  amount  of  silicon  in  the  pig-iron  used. 
We  soon  found  that  the  oxide  of  iron  was  unnecessary ;  besides, 
it  cooled  the  bath  of  metal,  and  we  afterwards  used  lime  additions 
only.  After  about  three  minutes  imder  blow,  a  sample  of  metal 
was  taken  from  the  converter,  quickly  flattened  down  under  a 
steam  hammer,  and  cooled  in  water.  The  fracture  gave  clear 
indications  of  the  malleability  of  the  iron.  When  the  bath  was 
sufficiently  dephosphorised  to  give  a  soft  ductile  metal,  the 
Spiegel  was  added.  Other  firms  have  taken  up  the  manufacture 
of  steel  on  the  basic  system,  notably  the  Hoerde  Company,  in 
Westphalia,  and  Messrs.  Brown,  Bayley  &  Dixon,  of  Sheffield. 
Very  interesting  papers  on  the  subject  have  been  read  by 
Messrs.  Fink  and  Messenez  and  Messrs.  Holland  and  Cooper. 
On  Monday,  the  23rd  of  August  last,  I  visited  the  Hoerde  Works 
with  a  few  friends,  and  saw  two  successful  casts  in  a  small 
converter.  Imitating  the  good  example  set  me,  and  having  good 
friends  in  Messrs.  Messenez  and  Pink,  I  took  a  sample  of  the  re- 
melted  pig  as  it  was  running  from  the  cupola  to  the  converter, 
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and  a  sample  of  dephosphoiised  metal  and  of  tlie  steel.  Mr.  Cook's 
analysis  is :  Be-melted  pig — Combined  carbon,  2*75 ;  manganese, 
'50;  silicon,  '9;  sulphur,  '31;  phosphorus,  1*51.  This  analysis 
agrees  with  that  given  by  Mr.  Messenez  in  his  paper  read  before  the 
Institute.  The  metal,  after  three  minutes'  after-blow,  gave  phos- 
phorus, *18,  and  a  further  25  seconds  gave  phosphorus  '10;  carbon, 
a  trace ;  manganese,  '17 ;  sulphur,  '12.  At  this  stage  of  the  operation 
a  large  quantity  of  slag  was  poured  out  of  the  converter,  and  then  the 
Spiegel  was  added.  The  steel  contained  carbon,  *19 ;  manganese, 
•67;  sulphm',  '10;  phosphorus,  '10.  The  steel  worked  well  under 
the  steam  hammer.  The  slag  was  of  the  following  composition : — 
Iron,  10'20 ;  lime,  46*94 ;  silica,  9*67  :  phosphoric  acid,  9*70. 
On  Thursday,  the  20th  August,  I  visited  the  Bhenish  Steel- 
works with  several  members  of  the  Iron  and  Steel  Institute,  and 
the  samples  brought  home  were  analysed  by  Mr.  Cook,  who 
shows  re-melted  metal  to  contain — Combined  carbon,  2*90; 
manganese,  1*10;  silicon,  '46;  sulphur,  '16;  phosphorus,  2*03. 
The  after-blow  was  very  long,  being  nearly  4J  minutes  before  the 
first  sample  was  taken,  and  a  further  three-quarters  of  a  minute 
before  the  second  sample  was  taken — in  all  five  minutes.  The 
carbon  lines  appeared  on  the  spectroscope  in  a  few  seconds  after 
the  converter  was  turned  up.  The  steel  contained  : — Carbon,  '28 ; 
manganese,  '56;  sulphur,  '08;  phosphorus,  '08 — the  metal, 
before  the  addition  of  the  spiegel,  having  P,  '07.  In  a  second 
cast  the  steel  gave— C,  '27 ;  M,  '40 ;  S,  '07  ;  P,  '10.  The  slag 
here  is  not  passed  off  before  the  spiegel  is  added.  The  sample 
of  slag  analysed  by  Mr.  Cook  is  almost  identically  the  same  as 
that  given  above  from  the  Hoerde  Works.  Another  cast,  made 
when  about  150  members  of  the  Institute  were  present,  contained, 
I  am  infoimed,  P,  '13.  It  was  most  difficult  to  get  near  the 
workmen  who  were  testing  the  samples,  so  great  was  the  crush 
and  the  desire  to  obtain  a  piece  of  metal,  and  the  wonder  was 
that  the  metal  was  so  well  blown  and  so  low  in  phosphorus, 
considering  the  circumstances  under  which  the  operation  was 
conducted.  At  the  meetings  of  the  Institution  in  December  last  I 
mentioned  that  Messrs.  Bolckow,  Yaughan  &  Co.,  Limited,  were 
about  to  erect  some  large  converters  at  the  Cleveland  Steelworks 
of  a  size  and  form  which  they  expected  would  enable  them  to 
overcome  some  of  the  difficulties  which  they  experienced  when 
working  with  the  old  converters  on  the  basic  system.'* 
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Mr.  Bichards  next  directed  attention  to  a  new  converter  ;  con- 
tinuing, he  said :  "  This  converter  is  concentric,  whilst  the  old 
converters  are  eccentric.  During  the  operation  of  blowing,  the  lime 
and  the  metal  are  lifted  by  the  force  of  the  blast,  and  when  that 
force  is  somewhat  expended  the  materials  fall  again  on  to  the 
bottom  in  the  new  form,  whilst  in  the  old  form  some  portions 
would  cling  to  the  nose.  The  *  concentric  '  form  has  also  another 
advantage ;  it  gives  a  much  larger  area  of  floor  to  work  in,  by 
enabling  the  metal  to  be  poured  into  the  converter  when  turned 
on  its  side  with  the  nose  pointing  away  from  the  converter  ladle 
crane,  just  the  contrary  of  the  present  practice.  On  the  18th 
October  last  this  converter  was  set  to  work  on  the  basic  system, 
and  was  quite  successful,  answering  the  purpose  well,  and  showing 
no  more  symptoms  of  gathering  at  the  outlet  than  when  making 
ordinary  steel.  Our  plan  of  operation  is  exceedingly  simple. 
The  converter,  as  is  usual,  is  first  heated  up  with  coke  so  as 
to  prevent  the  chilling  of  the  metal.  Then  a  measured  quantity 
of  well-burnt  lime,  about  16  per  cent,  of  the  weight  of  molten 
metal,  mixed  with  a  small  quantity  of  coal  or  coke,  is  charged 
into  the  converter,  and  blown  till  the  lime  is  well  heated.  The 
molten  metal  is  then  poured  on  the  lime  additions,  the  blast  of 
25  lbs.  pressm*e  is  turned  on,  and  the  carbon  lines  disappear  in 
about  ten  minutes ;  then  after  about  2J  minutes  over-blow  the 
converter  is  tiuned  down,  and  a  small  sample  just  made,  which 
is  quickly  beaten  into  a  thin  sheet  under  a  small  steam  hammer, 
cooled  in  water,  broken  in  two  pieces,  and  the  fracture  shows 
to  the  experienced  eye  whether  the  metal  is  sufficiently  ductile. 
If  it  is  not  so,  then  the  blowing  is  prolonged,  after  which  the 
Spiegel  is  added,  and  is  now  being  poured  into  the  ladle,  not  into 
the  converter.  For  the  basic  process  the  initial  bath  should  be 
low  in  silicon,  because  silicon  fluxes  and  destroys  the  lining, 
and  causes  waste  of  metal ;  it  should  be  low  in  sulphur,  so  that 
tlie  metal  may  not  be  red  short.  Nearly  one-half  the  sulphur 
is  eliminated  by  the  basic  process.  In  order  to  work  economically 
the  metal  sliould  be  taken  direct  from  the  blast  furnace,  so  as  to 
avoid,  first,  the  cost  of  re-melting  in  a  cupola ;  and,  second,  to 
avoid  furtlier  contact  of  the  metal  with  the  sulphur  and  impurities 
of  the  coke.  It  is  not  an  easy  matter  to  accomplish,  in  a  blast 
fiunace,  the  manufacture  of  a  metal  low  in  silicon  and  at  the  same 
time  low  in  sulphur.    It  would,  no  doubt ,  ver}'  much  help  to 
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keep  sulphur  low  if  maganese  was  added  in  the  blast  furnace,  but 
maganese  is  a  costly  metal.  At  present  we  have  succeeded  in 
making  a  mottled  Cleveland  iron  with  1  per  cent,  of  silicon  and 
*16  sulphur,  and  white  iron  with  '5  silicon  and  '25  sulphur, 
which,  taken  direct  from  the  blast  furnace,  have  both  made 
excellent  steel.  But  we  have  another  method  of  operating,  which 
relieves  us  from  the  necessity  of  making  a  particular  quality  of 
Cleveland  pig-iron.  We  call  this  second  mode  of  working  the 
transfer  system,  because  we  transfer  the  metaj  from  the  acid  to 
the  basic  converter.  The  transfer  system  enables  us  to  take  any 
grey  iron  direct  from  the  blast  furnace  to  the  converter  without 
any  consideration  as  to  the  per  centage  of  sulphur,  which  is  always 
low  in  grey  iron.  This  grey  metal  is  poured  into  a  converter 
with  a  silicious  lining,  and  desihconised,  when,  after  say  twelve  or 
fifteen  minutes'  blowing  in  the  ordinary  manner,  it  is  poured  out 
of  the  converter  into  the  ladle,  and  poured  again  from  the  ladle 
into  a  converter  lined  with  dolomite,  taking  care  that  the  highly 
silicious  slag  is  prevented  from  entering  the  basic-Uned  converter. 
Then  in  the  second  converter  it  is  only  necessary  to  add  sufficient 
lime  for  the  absorption  of  the  phosphorus  of  the  metal,  and  the 
blowing  then  need  not  occupy  more  time  than  is  necessary  for 
the  elimination  of  the  phosphorus,  say  about  three  minutes. 
This  mode  of  operation  will  no  doubt  give  the  basic  lining  and 
bottom  a  much  longer  life,  but  we  have  not  yet  been  long  enough 
at  work  to  obtain  the  necessary  experience  to  determine  which  is 
the  better  system  of  working,  but  both  are  good  and  effective, 
and  have  given  excellent  results.  I  have  thus  summed  up  in  ten 
minutes  what  has  taken  about  two  years  of  constant  work,  and 
the  expenditure  of  large  sums  of  money,  to  accomplish.  I  am 
now  able  to  say  that  the  basic  process  has  been  brought  to  a 
technical  and  commercial  success  at  the  Cleveland  Steelworks 
of  Messrs.  Bolckow,  Yaughan  &  Co.  One  feature  in  this  new 
process  seems  to  have  been  lost  sight  of  by  those  who  have 
written  on  the  subject,  namely,  the  possibility  or  otherwise  of 
being  able  to  eliminate  phosphorus  before  the  carbon  flame  drops  . 
so  as  to  avoid  the  after-blow.  Few  give  any  hope  of  this  being 
accomplished,  but  when  we  remember  that  few  gave  any  hope  of 
the  basic  process,  or  any  other  process,  being  successful  in  elimi- 
nating phosphorus  at  the  high  temperature  of  the  Bessemer 
converter^  we  should  not  abandon  research  or  relax  efforts.     It 
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has  been  said,  over  and  over  again,  that  the  basic  process  was  a 
failure,  and  would  never  succeed.  It  is  a  grand  trait  in  the 
character  of  our  Englishmen,  that  of  not  knowing  when  they  are 
beaten.  If  the  after-blow  could  be  avoided,  the  wear  of  the 
lining  and  bottoms  would  be  very  much  reduced.  We  know 
already  that  the  basic  lining  will  not  be  anything  like  so  enduring 
as  the  acid  lining,  so  special  means  have  been  adopted  to  quickly 
change  a  converter.  An  overhead  steam-travelling  crane,  capable 
of  lifting  sixty  tons,  is  being  erected,  so  that  directly  a  converter 
lining  has  worn  out  the  crane  will  remove  the  worn  converter  out 
of  the  way,  and  bring  in  a  re-lined  one  dried  and  ready  for 
working.  A  very  ingenious  plan  for  quickly  changing  the  con- 
verter, without  removing  the  trunnion,  is  that  patented  by 
Mr.  Holley,  the  well-known  American  engineer  and  metallurgist. 
The  converter,  freed  from  the  trunnion,  is  lowered  to  the  floor  by 
means  of  the  hydraulic  ram.  Then  a  re-lined  and  dried  converter 
is  placed  on  a  four-wheeled  bogie,  and  ran  from  the  repairing  and 
drying  shed  into  position  on  the  top  of  the  hydraulic  ram,  which 
is  placed  directly  under  the  trunnion.  The  water  is  turned  on, 
and  the  converter  is  raised  into  position,  and  is  then  fastened  by 
a  dozen  cotters  to  the  trunnion,  and  is  thus  got  very  quickly 
ready  for  work." 

The  following  is  a  list  of  the  malleable-iron  works  in  Cleveland 
in  1880,  with  the  number  of  furnaces  and  mills  in  operation : — 


No. 


1 
2 
3 
1 
5 

0 

7 
8 
9 

10 

11 

12 

ilS 
14 

15 

16 

17 


Name  of  Works. 


Ayrton  Rolling  Mills 
Bowestield 
Britaiiiiia 
ErimuB     . 
Estou  Grange 

North  Yorkshire 

Carlton 
Cleveland 
Middlesbro' . 

Tees  Side . 

Newport 

Yorkshire 

Westboumc  . 
West  Marsh 


Hull 

Imperial  (South  Bank) 
star. 


Total  of  District 


Name  of  Finn. 


Jones  Bros.  &  Co. ,  Lim. 
Bowesfleld  Iron  Or). 
Donnan,  Long  &  Co.  . 
Erimus  Iron  Co.,  Lim. 
SJston  Grange  Iron  Co. 
(  North  Yoncshiie  Iron  ( 
(  Co.,  Limited  .  .  j 
The  Carlton  Iron  Co. ,  Lim. 
Bolckow  &,  Yauglian  .    . 

i  Hopkins,  Gilkes  &  Co., 
Limited.    11  Danks's 
Fox,  Head  &  Co. 
j  South  Yorkshire   Iron  \ 
V    Co.,  Limited       .        ) 
John  Holdsworth  A  Co.  . 
Dorman,  Long  &  Co. 
East  Riding  Malleable  I 
Ironworks      .        .     \ 
Jackson,  Gill  &  Co.,  Lim. 
Star  Rolling  Mills  Co.     . 


} 


{ 


Nearest  Port  or 
Railway  Station. 


Stockton-on-Teejj 


)t 


Middlesbro' 


»» 


Stockton-on-Tees 


II 
II 


}> 


HiUl 


Middlesbro' 


No.  of 
Puddling 
Furnaces. 


29 
33 
00 


80 
46 


22 
20 


88 


ai's 


No.  of 

Rolling 

Mills. 


2 
3 
1 


S 
1 

4 

4 

•  • 

2 


25 
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Considering  the  consumption  of  fuel  in  these  works,  it  was 
ascertained  that  in  the  year  1872  some  640,000  tons  of  coal 
were  used,  increased  to  660,000  tons  in  the  following  year; 
since  that  date  the  fuel  consumed  annually  in  these  works  in 
Cleveland  has  fallen  off  considerably,  and  in  the  year  1879  did 
not  exceed  405,000  tons.  It  has  been  observed  that  when  the 
manufacture  of  iron  rails  in  Cleveland  saw  its  best  days,  that 
district  produced,  it  is  estimated,  nearly  one-third  of  the  rails 
made  in  the  United  Kingdom.  The  success  which  has  attended 
the  process  of  dephosphorising  Cleveland  iron  brings  it  within 
the  bounds  of  possibility  that  that  district  may  before  long  occupy 
as  prominent  a  position  in  the  manufacture  of  steel  rails  as  of  old 
it  held  in  the  iron  rail  trade.  Already  the  leading  firm  is  re- 
ported to  be  producing  steel  at  the  rate  of  150,000  tons  per 
annum,  nearly  double  the  total  quantity  produced  last  year  in  the 
whole  district,  and  if  that  is  mostly  made  into  raUs,  the  revival 
of  that  industry  is  as  rapid  as  was  the  decline  of  the  iron  rail 
trade. 

Prices  of  Malleable  Iron  and  Puddlers'  Wages. — These 
have  been  subject  to  great  fluctuations;  the  average  prices  of 
rails,  plates,  bars,  and  angles,  in  1879,  were  about  one-half  of  the 
prices  current  in  1873,  and  wages  showed  a  corresponding 
fluctuation.  From  the  Board  of  Arbitration  returns  in  each  year 
since  1872  the  average  selling  prices  of  iron,  including  rails, 
plates,  angles,  and  bars,  were  as  follows ;  and  side  by  side 
appears  the  average  puddlers*  wages,  in  each  of  the  same 
years : — 


Year. 

Average  Selling  Price. 

Average  Puddlers'  Wages 

.£      0.      d. 

8.      d. 

1872 

9     0     3 

11     6 

1873 

11     9     1 

13     0 

1874 

10     9     0 

11     7 

1875 

8     10 

9    4 

1876 

7     2     2 

8     3 

1877 

6  15     3 

8     3 

1878 

6     2     7 

7     8 

1879 

5     8    6 

7     0 

1880 

6     3    9 

7     9 

The  highest  price  reached  was  in  the  year  1878,  when  pud- 
dlers' wages  were  13s.  8d.  during  nine  months  of  that  year. 
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Prices  fell  in  the  following  year,  and  wages  increased  somewhat. 
The  rate  of  wages  changed  four  times  in  1874,  and  three  times  in 
1875.  During  1876  and  1877  it  remained  stationary,  since  which, 
in  1878  and  1879,  the  tendency  was  downwards.  However,  in 
the  first  half  of  1880  the  wages  of  puddlers  gave  an  average  of 
88.  9d,,  while  the  realised  prices  per  ton  fell  to  £5  58.  6d. 

Following  the  prices  of  each  variety  of  iron  since  the  year 
1872,  the  annexed  statement,  based  upon  the  returns  of  the 
Board  of  Arbitration,  will  indicate  those  of  plates,  bars,  and 
angles,  which  were  as  follows : — 


Ypjtr 

Platen. 

Bars. 

Angles. 

Average. 

Averape. 

Avernge. 

1 

£      «.     d. 

£       8,      d. 

£      8.     d. 

1872 

10     6     1 

9  16    4 

9     1  11 

1873 

12     6     1 

12     5     3 

11  11   1 

1874 

11     6    4 

10  16     7 

10  11  10 

1875 

8  14     9 

8     9    8 

8    3    6 

1876 

7    9     9 

7     1     8 

7     0    4 

1877 

6  19     8 

6  16    2 

6    8     1 

1878 

6    6    9 

6    4     6 

6  13    2 

1879 

5  10  10 

5    8  11 

5     1     3 

1880 

6    9     5 

6     7     9 

5  14    9 

From  the  annual  Report  of  the  British  Iron  Trade  Association, 
for  the  year  1879,  some  very  interesting  facts  are  obtained,  show- 
ing the  average  prices,  in  each  of  the  above  years,  of  iron  rails, 
as  compared  with  steel  rails,  the  former  being,  in  1872,  £9  68. 
per  ton,  compared  with  £4  18«.  Sd.  in  1879 ;  while  steel  rails  were, 
in  1872,  current  at  £13  17«.  6d.  per  ton  against  £5  28.  6d.  per 
ton  in  1 879.     The  average  prices  are  as  follows  : — 


Year. 

Trice  of  Iron  Rails. 

Price  of  Steel  Rails. 

Difierence. 

£      5.     d. 

£      s.     d. 

£      s,     d. 

1872 

9     6     0 

13  17    6 

4  11     6 

1873 

11     4     4 

15  10    0 

4     5     8 

1874 

8     9     0 

9  17    6 

18     6 

1875 

6  19     6 

8     7    6 

1     8     0 

1876 

6     0  10 

7     2    6 

1     1     6 

1877 

5  15     3 

6    7     6 

0  12     3 

1878 

5     2     1 

5  12    6 

0    9  11 

1879 

4  18     3 

5     2     6 

0    4     3 

1880 

6     3    4 

7     7     6 

14    2 

CHAPTER    IV. 

CUMBBRLAND    IRON    INDUSTRIES. 

Description  of  Iron  Ore  Deposits  around  Whitehaven — Alston  Moor — Eskdale 
and  Millom — ^Analyses,  production  and  distribution  of  Ore — Population  em- 
ployed in  Iron  Ore  Mining— List  of  Iron  Mines — Pig-Iron  Manufacture — 
Charcoal  Furnaces,  their  Early  History — Steelworks — Ironworks — Pig-Iron 
made — Coal  and  Ore  used  in  Manufacture — ^Works  in  1880 — Malleable-Iron 
Works  and  Coal  employed. 

Iron  Ore  of  the  Carboniferoiui  Limestone.  —  By  far  the 
largest  proportion  of  the  Cumberland  hematite  occurs  in  the 
Carboniferous  or  Mountain  Limestone.  Around  Whitehaven, 
where  the  carboniferous  formation  is  well  developed,  it  consists 
in  its  lowest  part  of  about  250  feet  of  massive  limestone,  in 
immediate  contact  with  that  division  of  the  Lower  Silurian 
system  known  as  the  Skiddaw  Slates.  Above  this  massive  lime- 
stone are  a  number  of  thin  beds  of  limestone,  shale,  and  sand- 
stone or  "  Whirlstone,"  making  together  a  series  of  about  150  feet 
thick ;  these  beds  are  followed  by  a  succession  of  sandstones  and 
shales  varying  in  thickness  from  180  to  800  feet.  The  hematite 
occurs  chiefly  on  two  horizons,  one  in  the  lower  massive  limestone 
and  the  other  in  the  thin  beds  of  limestone  and  shale.  Although 
the  ore  is  often  found  in  large  irregular  deposits  in  tlie  limestone, 
and  occasionally  in  the  form  of  fissures,  it  is  more  commonly  spread 
out  in  the  shape  of  flat  deposits,  following  more  or  less  closely 
the  general  dip  of  the  beds,  this  inclination  being  usually  about 
12°  or  18°  to  the  west,  or  filling  caverns  in  the  limestone.  In 
thickness  the  ore  deposits  vary  firom  80  feet  to  100  feet  and  up- 
wards ;  a  deposit  sometimes  suddenly  enlarges  or  diminishes  in 
thickness,  thus  producing  what  the  miners  call  "  rolls  " ;  the 
deposits  are  frequently  cut  off  by  faults.  In  some  cases,  as 
in  the  Cleator  Mines,  the  body  of  ore  is  divided  into  distinct 
masses  by  pillars  of  rock  extending  firom  sole  to  roof.  The  roof 
is  generally  hard,  and  consequently  large  excavations  are  rendered 
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possible  without  much  artificial  support.  Although  the  forms  of 
the  deposits  are  very  irregular,  it  has  been  remarked  that  they 
correspond  in  their  extension  with  the  direction  of  the  magnetic 
meridian,  but  this  has  no  relation  to  the  run  of  the  deposits. 
Some  of  the  deposits  of  ore  occupy  a  large  superficial  area ;  that 
at  Parkside,  for  example,  and  the  adjoining  mines,  where  the 
deposit  was  above  70  feet  thick,  extending  over  about  60  acres. 

At  the  mines  of  the  Crossfield  Iron  Ore  Company  near 
Whitehaven,  the  iron  ore  is  found  in  the  mountain  limestone, 
in  faults  or  dislocations,  running  north  and  south,  although  it 
is  also  found  lying  in  irregular  masses  and  preserving  a  marked 
parallelism,  with  a  bearing  of  about  12°  N.W. 

The  distribution  of  the -ore  deposits  is  very  irregular,  and  their 
existence  is  only  determined  by  borings,  which  have  to  be  made 
almost  at  random.  In  tlie  Whitehaven  district  the  ore  is  dis- 
tributed over  an  area  extending  about  eight  miles,  from  south- 
west to  north-east,  with  an  average  width  of  one  mile.  At 
Millom  the  ore-bearing  limestone  occupies  an  area  of  only  about 
one  and  a  half  square  miles,  or  between  900  and  1,000  acres. 

In  addition  to  the  deposits  of  the  mountain  limestone,  there 
are  veins  of  hematite  in  the  Lower  Silurian  rocks  of  Cumber- 
land; in  some  cases  these  occur  in  the  Skiddaw  slates,  as  at 
Kelton  and  Knockmurton ;  in  others,  in  the  series  of  green 
slates,  as  at  Dunnerdale ;  and  in  others  again,  in  the  Coniston 
limestone,  as  at  Waterblean.  Nor  should  mention  be  omitted 
of  veins  of  hematite  in  the  granite  of  Eskdale.  For  the  most 
part  these  veins  in  the  older  rocks  have  a  general  north  and 
south  trend,  with  a  dip  varying  in  direction  and  degree ;  whilst 
in  thickness  the  ore,  though  often  but  a  few  inches,  may  reach  as 
much  as  12  or  14  feet.  The  geological  position  of  the  Cumber- 
land hematites  has  been  well  described  by  Mr.  P.  Wurzburger, 
of  Dalton  in  Fumess,  and  by  Mr.  J.  D.  Kendall,  from  whose 
valuable  papers  the  foregoing  facts  have  been  gathered. 

The  iron  ore  of  Cumberland  is  exclusively  of  that  kind  which 
is  known  mineralogically  as  red  hematite ;  it  is  chemically  an 
anhj'drous  peroxide  of  iron  (ferric  oxide),  containing  about  70 
per  cent,  of  iron,  but  the  ore  is,  of  course,  rarely,  if  ever,  found 
in  a  state  of  chemical  purity.  Most  of  the  Cumberland  hematite 
is  of  the  hard  variety  known  as  "  blast  ore,"  although  in  some 
places,  as  at  Kelton  and  the  adjoining  mines,  the  soft  varieties  are 
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found.  The  hai*d  hematite  occasionally  occurs  in  masses  pre^ 
senting  a  finely  lobed  surface^  whence  the  name  "  Kidney  ore  ;  " 
whilst,  in  rare  cases,  brilliant  lenticular  crystals  of  ^^  specular 
iron  ore  "  have  been  found.  Associated  with  the  hematite  the 
following  minerals  occur: — quartz,  calcspar,  brown  spar,  heavy 
spar,  peroxide  of  manganese,  and  iron  pyrites.  The  red  hematites 
of  Whitehaven,  in  Cumberland,  and  Ulverstone,  in  Lancashire, 
are  by  far  the  richest  raised  in  the  United  Kingdom.  The  ore, 
since  the  introduction  of  the  Bessemer  process,  has  been  in  great 
demand,  from  the  high  character  and  purity  of  the  pig  iron  pro- 
duced from  it,  and  it  is  largely  exported  into  other  iron-making 
districts  in  the  kingdom,  where  it  is  extensively  employed  in 
admixture  with  other  ores,  giving  an  improved  quality  of  iron. 
Brown  hematite  has,  from  time  to  time,  been  wrought  at  Alston 
Moor  and  at  Nenthead,  in  the  limestone  at  Kilhope  Fell.  This 
limestone  bed  corresponds  with  the  Fell  Top  limestone  of  the 
district,  which,  in  this  locality,  becomes  ferruginous,  probably 
owing  to  its  being  intersected  by  a  considerable  number  of  small 
veins  carrying  iron  "  riders."  The  bVown  hematite  ore  occurring 
in  this  limestone  varies  from  8  to  7  feet  thick,  and  is  of  good 
quality.  At  Nenthead,  in  the  little  limestone  of  the  district,  a 
bed  of  brown  hematite  occurs,  about  7  feet  in  thickness ;  the 
quality  of  the  ore,  however,  is  very  variable.  Similar  ore  is  met 
with  in  the  Silly  Hole,  Manor  House,  and  Nenthead  veins  of 
Alston  Moor. 

In  Eskdale,  some  seven  miles  from  the  terminus  of  tlie 
Bavenglass  and  Eskdale  Bailway,  in  the  Manor  of  Birker,  at 
Ore  Gap,  some  lodes  of  brown  hematite  are  known  to  occur. 
The  district  was  examined  a  few  years  since  by  Mr.  Bobert 
Woodley,  of  the  Birker  Moor  Iron  Mines,  who  reports  as  follows: 
*•  That  in  Yeasty  Bigg  Gill,  out  of  Green  Hole  Glen,  1,400  feet 
above  the  level  of  the  sea,  there  are  two  large  and  powerful 
hematite  lodes  in  the  Ash  rocks  and  felstone,  one  on  each  side  of 
the  Gill.  On  the  west  slope,  the  first  lode,  some  50  feet  wide,  is 
visible  at  the  surface,  and  can  be  traced  by  outcrop  and  excava- 
tions for  about  three-quarters  of  a  mile  through  Ore  Gap  to  the 
Keswick  side  of  the  mountain.  It  takes  a  coarse  a  few  degrees 
west  of  south.  The  second  lode,  on  the  eastern  slope  of  the  Gill, 
is  equally  large,  and  bears  a  little  west  of  north,  forming  a  junc- 
tion with  the  first  lode  in  the  Gill,  whence  they  pass  together 
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through  a  wide  gap  in  tlie  Fell,  very  appropriately  called  Ore  Gap, 
which  is  2,600  feet  above  the  sea  level,  and  situated  between  Bow 
Fell  and  Sea  FeU  Pikes." 

*'  In  this  gap  the  united  lodes  have  thrown  up  to  the  surface  a 
curious  back  of  hematite  of  the  finest  quality,  composed  of  hard 
blue,  kidney  and  puddle  ore  many  fathoms  in  width  and  at  least 
800  fathoms  in  length  from  the  junction  of  the  lodes.  A  deep 
trench  has  been  driven  across  this  magnificent  deposit,  and  pits 
have  been  opened  on  either  side  of  it,  showing  the  beds  of  hard 
ore  embedded  with  the  soft  decomposed  hematite.  As  the  lodes 
forming  this  deposit  are  traceable  in  the  glen  called  *'  Green 
Holes,*'  at  a  level  1,200  feet  below  Ore  Gap,  the  cubic  contents  of 
this  deposit  must  be  reckoned  by  millions  of  tons ;  for  a  deposit 
only  100  fathoms  in  length  by  20  fathoms  in  breadth  would  yield 
500,000  tons  for  every  10  fathoms  in  depth,  reckoning  only  8  tons 
of  ore  to  each  cubic  yard.  And  the  upper  part  of  this  deposit 
can  be  worked  on  the  most  extensive  scale  by  open  cutting,  and 
broken  and  loaded  into  trucks,  and  sent  by  a  self-acting  incline 
to  the  foot  of  the  mountain  in  Green  Holes,  at  a  cost  not  exceed- 
ing 28.  6d.  per  ton.  About  100  fathoms  on  the  east  side  of  this 
deposit  a  great  lode  of  20  or  80  feet  in  width,  enters  the  mountain 
through  a  great  fissure  above  Angle  Tarn,  and  throws  up  to  the 
surface  another  bank  of  hard  blue  hematite.  This  lode,  which 
bears  a  little  east  of  north,  forms  a  junction  with  the  two  first 
named  lodes  about  the  middle  of  Yeasty  Bigg  Gill.  A  fourth 
lode,  coming  from  the  Best  Gill,  and  bearing  south  of  east,  forms 
a  junction  with  the  two  largest  lodes  at  the  southern  end  of 
Yeasty  Bigg  Gill,  where  its  broad  red  back  is  visible,  showing 
eyery  appeanmce  of  being  rich  in  iron.  This  can  be  worked 
with  the  greatest  facility  by  a  series  of  levels  driven  into  the 
fell  just  above  Green  Holes,  whence  also  as  many  as  twenty  levels 
can  be  driven  into  the  above-mentioned  lodes  below  the  surface- 
workings." 

Another  interesting  feature  in  Mr.  Woodley's  report  of  the 
Eskdale  district,  comprises  a  recommendation  for  the  develop- 
ment of  the  iron  ore  deposits  by  a  line  of  railway  through  the 
fell  land  to  connect  with  the  Bavenglass  and  Eskdsde  line. 

JLAalyses  of  the  Cnmberlaad  Ore. — The  hematite  of  the 
Whitehaven  district,  as  previously  stated,  occurs  in  the  car- 
boniferous limestone,  near  the  outcrop  or  surface  of  the  slaty 
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rocks  upon  which  that  formation  rests.  The  ores  raised  at 
Cleator  Moor,  rich  in  metallic  iron  and  valuable  for  the  manu- 
facture of  steely  are  thus  described  *  by  Mr.  A.  Dick : — 

'^ Compact  red  hematite;  easily  scratched  by  a  file;  lustre^ 
earthy;  colour,  purplish  grey;  streak,  bright  red;  fracture, 
uneven ;  containing  cavities  lined  with  crystals  of  specular  iron, 
and  containing,  in  some  cases,  quartz." 

The  first  analysis  consisted  of  a  sample  composed  of  a  mixture 
of  the  above  ore  and  of  another  variety,  thus  described,  resembling 
the  former :  "  It  is  harder,  being  scarcely  scratched  by  a  file, 
more  lustrous  and  darker  in  colour,  the  cavities  contain  more 
quartz,  but  the  substance  of  the  ore  seems  purer."  The  second 
analysis,  given  also  of  hematite  from  Cleator  Moor,  is  very 
similar  in  character,  but  does  not  contain  quartz  visibly  diffused 
through  it.  The  sample  examined  is  also  a  mixture  of  varieties, 
the  one  compact,  the  other  unctuous,  more  lustrous,  and  redder 
in  colour  than  the  compact  variety.  The  constituents  of  the  two 
samples  are  as  follows  : — 

Bbsults  Tabuulted— Obe  Dbied  above  100°  C. 


Constituents. 

No.  1.          '          No.  2.          1 

Peroxide  of  iron  . 
Protoxide  of  manganese  . 
Alnmina 

PhospHorio  acid  . 
Sulpnario  acid . 
Bisulphide  of  iron                .     . 
Magnesia.        .... 
Insoluble  residue                 .    . 

95*16 
0*24 

6*07 
trace 
trace 
trace 

•  •• 
5-68 

90-36 

010 

0-37       ! 

0-71  i 
trace  [ 
trace       i 

0-06 

006 

8-64 

• 

101  15 

100*20 

Insoluble  BEsmxTE. 

SiUca 

Alumina  (containing  a  trace  ) 

of  iron)     .        .        .        .     ) 
Peroxide  of  iron 
Lime 

5*66 
006 

•  •  • 

•  ■  • 

705 

106 

019 
trace 

6*72 

8*30 

The  metallic  iron  contained  in  these  ores  were  equivalent  to 
66*60  and  68*26  per  cent,  respectively ;  it  being  further  remarked 

*  "  Iron  Ores  of  Great  Britain,"  Part  L,  pp.  60,  63.    (Oat  of  print) 
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that  a  trace  of  lead  was  detected  in  400  grains  of  the  first  sample 
of  ore  and  in  500  grains  of  the  second. 

The  hematite  of  Eskdale  has  been  examined  by  Mr.  Watson, 
of  BraystoneSy  who  gives  analysis  of  a  sample  from  Ore  Gap,  as 
follows : — 

Resxtlts  Tabuiated. 

Peroxide  of  iron 94*00 

Oxide  of  manganese 1*20 

Silica 4-00 

Ma&:ne8ia trace 

Moisture 0-80 


100-00 


Production  of  Iron  Ore. — In  the  year  1849  there  appears  to 
have  been  in  the  Whitehaven  district  thirteen  mines,  producing 
hematite  amounting  to  100,000  tons :  the  details  are  as  follows* : — 


r 


Firm. 


Messrs.  Ainsworth  &  Co. 
Messrs.  Hill  &  Go. 
Mr.  John  Lindow 
Messrs.  Tulk  &  Ley     . 
Messrs.  Atwood  &  Co. 

Total 


Number  of 
Mines. 


Quantities. 


Tons. 

30,000 

20,000 

20,000 

15,000 

15,000 


100,000 


The  total  quantity  of  iron  ore  produced  from  the  mines  of  the 
United  Kingdom  in  the  same  year  was  but  500,000  tons,  contri- 
buted as  follows  from  the  several  hematite  producing  districts  : — 


District. 

Number  of 
Mines. 

Quantities. 

Lancashire       .... 

Cumberland 

Forest  of  Dean 

Cornwall,  Somerset,  and  Devon 

Isle  of  Man      .... 

Ireland 

Scotland 

17 
13 
8 
17 
2 
1 
2 

Tons. 

182,000 

100,000 

95,000 

118,000 

2,500 

1,500 

1,000 

Total        .... 

1      60 

500,000 

*  ^  Braithwaite  Poole,  Beport  to  the  Directors  of  the  Lancaster  and  CaiHale 
Bailway  on  Iron  Ore."    1850. 
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The  estimated  value  of  this  ore  set  down  at  the  works  of  the 
consumer  was  not  less  than  20«.  per  ton. 

In  subsequent  years  the  returns  show  a  large  increasei  amount- 
ing in  1855  to  200,788  tons ;  increasing  in  1856  to  259,167  tons, 
and  in  1857  to  828,812  tons ;  the  distribution  of  which  was  as 
foUows  in  1856  and  1857  :- 


Destination. 

1850. 

1867. 

South  Wales     .... 
Staffordshire 

Scotlaiid 

Newcastle,  &c 

France 

Ironworks 

Total    .... 

Tons. 
124,630 
26,768 
15,865 
51,470 
817 
39,617 

Tons. 
163,354 
36,758 
22,377 
44,489 
323 
56,511 

259,167 

323,812 

The  only  ironworks  in  operation  in  Cumberland  in  the  year 
1857  were  those  of  Seaton,  Harrington  and  Cleator  Moor,  in 
which  hematite  ore  alone  was  employed.  The  annexed  summary 
gives  the  output  of  the  mines  of  Whitehaven  and  the  value  of  the 
ore  in  each  year  since  1858 : — 


Yeiir. 


Quantities. 


Value. 


1858 

Tons. 
331,544 

182,349 

1859 

400,306 

220,168 

1860 

466,851 

256,768 

1861 

472,095 

259,650 

1862 

533,120 

306,544 

1863 

690,083 

414,083 

1864 

784,174 

489,008 

1865 

678,831 

441,240 

1866 

706,505 

459,228 

1867 

709,037 

478,600 

1868 

725,248 

489,542 

1869 

848,974 

594,281 

1870 

1,014,143 

760,606 

1871 

976,874 

1,074,561 

1872 

954,505 

1,193,121 

1873 

1,021,690 

1,277,115 

1874 

901,667 

1,115,685 

1875 

935,360 

701,520 

1876 

1,082,812 

806,278 

1877 

1,081,256 

762,656 

1878 

1,082,924 

713,885 

1879 

933,369 

513,586 

1880 

1,148,246 

914,377 
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The  condition  and  importance  of  the  iron  ore  industries  of 
Cumberland  appear  in  the  relative  prices  of  the  ore  from  time  to 
time.  Glancing  generally  at  the  above  quantities  and  values  in 
1858^  the  figures  give  an  average  price  of  Us.  per  ton ;  this 
average  is  fairly  maintained  for  a  few  years.  With  the  prosperity 
of  the  iron  industries  in  the  year  1870,  the  values  of  these  ores 
show  a  great  increase,  the  average  price  showing  IBs.  per  ton. 
In  succeeding  years  this  is  exceeded ;  thus,  in  the  year  1878,  one 
of  great  commercial  prosperity,  these  ores  realised  258.  per  ton, 
receding  to  248.  9c2.  in  the  following  year,  and  to  158.  per  ton  in 
the  year  1875,  since  which  date  the  same  average  prices  have  ruled 
with  little  variation  until  1880,  when  an  increased  value  appears. 

In  the  year  1880  the  following  mines  were  producing  ore,  in 
the  quantities  and  values  given,  to  which  is  appended  the  dis- 
tribution by  railway  and  ship  in  the  same  year : — 


Name  of  Mine. 


Quantities. 


Value. 


Bigrigg  (Leconfield)  Wyndham  Fit 
„  f,        Lady  Pit  .    '. 

Birks  (Friziii^on) 
Oleator  Moor  ^eoonfidd)  York  Pit 
„  „        James  Pit 

Caeator  (5  Pits)  „  .  .  . 
Grossfield  (8  Pits)  .  .  .  . 
GrossoU  (Maryport  H.  Iron  Co.) 

DykeNook 

£sreixioiit  .    . 

Enen  (Egremont) 
Eskett  and  Salter    .        . 
Eskett  (Eskett  Iron  Ore  Co.) 
Eskett  (PostLethwaite)  .    . 

Goose  Green  (Frizington) 
Gillfoot  Park  (Egremont)        .    . 
Gutterley  (Maryport  Hematite) 
Iron  Co.)  .       ,        .        ,       ] 
High  House  (Frizington) 
Hoibarrow  .... 
Holebeck  and  Battenrow 
Jacktrees  No.  3  Pit  (Carron  Co. 
„         No.  2  Pit  (Carron  Co 
Xelton  and  Knockmurton 
Lonsdale  Nos.  2  &  3  (S.&  J.Lindow) 
Longlands  (S.  &  J.  Lindow) 
Montreal 
Murton        .... 


::1 


Tons.     Cwts. 

14,179  0 

27,846  0 

6,192  15 

28,287  0 

1,514  0 

40,286  0 

98,000  0 

16,237  0 

731  0 

12,738  0 

19,850  0 

47,667  0 

45,000  0 

40,192  0 

12,436  0 

72,880  5 

6,850  0 

64,978  0 

343,194  0 

5,957  0 

3,133  0 

21,534  0 

47,705  18 

6,175  0 

15,616  0 

210,894  0 

950  0 


£ 
10,698 
21,000 

4,334 
19,700 

1,060 
32,680 
78,400 
12,207 
456 
11,782 
17,372 
37,053 
38,250 
32,153 
10,948 
58,304 


8.  d. 

0  0 

0  0 

8  0 

18  0 

0  0 

10  0 

0  0 

10  0 

17  0 

0  0 

10  0 

6  0 

0  0 

0  0 

0  0 

0  0 


5,479  10  0 


45,484 

240,236 

3,872 

2,349 

16,150 

47,705 

4,631 

11,712 

158,170 

712 


12  0 

0  0 

1  0 
15  0 

0  0 

0  0 

5  0 

0  0 

10  0 

0  0 


Carried  forward 


1,210,922  18 


922,903  12  0 
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Name  uf  Mine. 


Brought  forward . 

Mowbray 

Moor  Row  (Moor  Row  Mlnmg  Co.) 
, ,         ( Maryport  H.  Iron  Co. ) 

NabbGiU 

Park  Side  (Frizmgtou). 

Park  (Bain  &  Co.)   .        .        .     . 

Salter  HaU 

Sir  John  andBigrigg(S.&  J.Lindow) 

Scalelands 

Winder  (Frizington)  .    . 

Winder  Gill         .        .        .        . 
Woodend  (Bain  &  Co.)     .     '  .     . 
Whicham  (Siloroft) 
Wyndham  (Egremont)  .    . 

Total  of  Cumberland  . 


Qtutntiti 

i»«. 

Value. 

,           Tona.     ( 

Dwta. 

&            9. 

d. 

1  1,210,922 

18 

922,903  12 

0 

35,660 

0 

26,745    0 

0 

16,638 

0 

17,955    0 

0 

24,137 

0 

24,137    0 

0 

7,812 

0 

5,275    0 

0 

'        11,303 

0 

8,477    5 

0 

3,283 

0 

2,463    0 

0 

38,100 

0 

30,480    0 

0 

13,798 

0 

10,937  10 

0 

,          1,500 

0 

1,200    0 

0 

I        33,000 

0 

29,700    0 

0 

1          3,886 

0 

3,108    0 

0 

1        45,902 

0 

34,426    0 

0 

1        26,830 

0 

22,805    0 

0 

18,669 

0 

14,001     5 

0 

1,491,440 

18 

1,154,613  12 

0 

CUHBEBLAITD  0R£  CARKIED  BY  THE  FUBXESS  RAILWAYS. 

TOXS.  TONS. 

For  shipment  at  Barrow-in-Furness  5,665 

„  Whitehayen        ....      52,504 

58,169 

By  rail  sent  away  to  Durham,  &o.    .  66,722 

,,      to  fomaces  in  district       .  911,297 

978,019 

Total  of  Cumberland  ore  carried        .  .    1,036,J88 

Cumberland  Ore  Shipped  from  Whitehayen. 

TO  T0H8. 

Cardiff 8,859 

Newport 21,102 

Ditton  Brook 790 

Runcorn  ........•.••  145 

Qarston 2,256 

IdTeipool 338 

Bowling 250 

Glasgow 272 

Swansea 193 

Total  shipments 34,205 

Shipped  from  other  ports 52,692 

Zron  Ore  Deposito  at  MiUom.— Kesembling  the  flat  deposits 
of  the  Whitehayen  district  is  the  large  deposit  of  Hodbarrow 
Mines  near  Millom.  Overlaid  for  the  greatest  part  by  limestone, 
it  is  from  east  to  west  about  470  yards  long  by  170  to  240  yards  in 
width,  the  thickness  of  the  ore  being  in  the  eastern  part  from  72  to 
90  feet.  The  dip  of  the  deposit  is  at  an  angle  of  12''  to  the  west. 
At  some  distance  to  the  north-west  a  second  deposit  is  being 
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explored  which  is  probably  connected  with  the  first  one,  and  is, 
perhaps,  of  still  greater  dimensions.  The  second  deposit  is 
overlaid  by  loose  masses  of  drift.  Since  the  year  1864  the  Hod- 
barrow  Mines  at  Millom  have  yielded  hematite  in  the  following 
quantities  and  values : — 


Year. 

Qtuuitities. 

Value. 

Tons. 

£ 

1864 

78,993 

39,496 

1865 

117,330 

70,397 

1866 

131,542 

78,925 

1867 

181,504 

90,752 

1868 

201,380 

120,828 

1869 

198,705 

139,093 

1870 

174,943 

122,460 

1871 

207,146 

227,860 

1872 

211,771 

264,713 

1873 

203,791 

254,739 

1874 

201,663 

252,078 

1876 

202,817 

152,112 

1876 

271,098 

189,768 

1877 

270,195 

202,645 

1878 

274,962 

185,599 

1879 

293,637 

161,500 

1880 

343,194 

240,236 

Cumberland  in  the  year  1878  stood  as  the  second  most  im- 
portant iron  ore  producing  district  in  the  kingdom,  Cleveland 
being  the  first,  with  a  production  of  6,605,640  tons  of  argillaceous 
carbonate  of  iron,  of  the  value  of  J£910,789,  or  an  average  vary- 
ing from  88.  to  88.  6d.  per  ton  of  stone  at  the  mines. 

In  the  following  summary  the  total  ore  produced  in  Cumber- 
land appears,  showing  the  yield  of  each  distiict  since  1869  : — 

CuHBEBLAia)  Iron  Ore. 


Year. 

Whitehaven 

Hodbarrow 

Alston  Moor  and 

Total. 

District 

DiHtrict 

other  Mines. 

Tons. 

Tons. 

Tons. 

Tons. 

1869 

848,974 

198,705 

140 

1,047,819 

1870 

1,014,143 

174,943 

32,217 

1,221,303 

1871 

976,874 

207,146 

118,683 

1,302,703 

1872 

954,505 

211,771 

2,000 

1,168,276 

1873 

1,021,690 

203,791 

4,345 

1,229,826 

1874 

901,667 

201,663 

16,332 

1,119,662 

1875 

935,360 

202,817 

9,791 

1,147,968 

1876 

1,082,812 

271,098 

*  ■  • 

1,353,910 

1877 

1,081,246 

270,195 

•  ■  • 

1,351,441 

1878 

1,082,924 

274,963 

•  •  • 

1,357,887 

1879 

933,369 

293,637 

•  •• 

1,227,006 

1880 

1,148,246 

343,194 

#  *  * 

1,491,440 
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The  hematitic  ores  of  Cumberland  have  from  an  early  period 
been  extensively  raised  for  shipment  to  the  ironworks  of  York- 
shire, Staffordshire,  and  North  and  South  Wales.  In  quality 
these  ores  may  be  considered  as  the  best  in  the  kingdom,  and  the 
supplies  which  these  districts  are  calculated  to  produce  are  very 
great.  The  large  per  centage  of  metallic  iron  which  they  contain, 
from  60  to  65  per  cent,  and  even  more,  and  their  superior  quality, 
enables  them  to  bear  the  cost  of  transport  to  distant  places,  where 
the  ore  is  in  great  request. 

The  returns  of  individual  mines  were  not  obtainable  until  the 
year  1872,  since  which  date  the  details  have  been  regularly  pub- 
lished.* The  detail  of  distribution  of  the  (Whitehaven)  Cimiber- 
land  ore  for  a  few  years  will  show  generally  its  destination : — 


Destination. 

1808. 

1870.         1 

1872. 

1874. 

TlUlH. 

Tons. 

Tons. 

Tons. 

South  Wales,  by  ship     . 

162,811 

195,659 

107,554 

113,191t 

>  Staffordnhire   ' ' 
Lancashire        -  by  ship 
North  Wales 

26,287 

18,401 

561 

• « • 

Lancashire     .        .         / 
Gamforth  and  Millom    ^ 

4,108 

84,367 

113,901 

101,321 

Scotland,  by  rail       .     . 

107,580 

107,457 

68,489 

69,402 

„       by  ship  . 

31,358 

36,993 

6,532 

•  •  • 

Newcastle    and\ 
Middlesborough    by  rail 
districts      .    - 

141,054 

155,433 

85,139 

63,385 

Workin^n,  Maryport, 

Harrington,     and 
Cleator  £stricts     . 

Total  of  Whitehaven ) 
ore       .        .        j 

252,050 

414,522 

572,329 

554,368 

1 

1    725,248 

11,014,143 

954,505 

901,667 

In  subsequent  yeai's  the  distribution  of  the  ore  of  Whitehaven 
is  obtained  trom  returns  furnished  by  the  Whitehaven,  Cleator 
and  Egremont  Railway  Company.  This  company  was  amalga- 
mated in  1877  with  the  London  and  Noilh- Western  Railway, 
and  in  June,  1878,  became  the  joint  property  of  it  and  the 
Fumess  Company,  from  which  date  it  has  been  worked  jointly. 
The  details  of  distribution  in  each  year  appear  as  follows  since 
1876  :— 

*  For  which  see    "Mineral  Statistics   of  the  United  Kingdom,"   by   Bobert 
Hunt,  F.R.8. 

t  This  quantity  includes  all  shipments  in  1874. 
t  Including  1,311  tons  sent  to  France. 
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How  Distributeil. 

187fl. 

1877. 

1878. 

1871>. 

1880. 

T0U8. 

Tons. 

Tons. 

Tons. 

Tons. 

Whitehaven  ihipmenta 

167,629 

143,061 

88,961 

71,864 

52,692 

„        LoDfldale  Iron  Co. 

88,392 

103,758 

95,468 

102,003 

131,977 

CleatorMoor    .        ... 

46,135 

37,987 

50,192 

61,093 

70,674 

Distington    .... 

•  • 

•  • 

•  • 

4,790 

43,020 

Parton 

25.377 

3,760 

•  • 

2,970 

28^557 

Harrington  . 

56,858 

80,162 

80,036 

73,594 

109,623 

Workington                     .    . 

269,520 

249,299 

271,671 

269,153 

415,820 

Maryport      .... 
Scotland 

169,732 

252,799 

249,746 

237,219 

229,616  1 

146,723 

121,013 

49,859 

19,746 

44,548 

Camforth  and  Fumetis 

73.191 

127,187 

1,466 

883 

4,185 

Barrow  and  MiUom  .        .     . 

•  • 

•  • 

102,845 

22.723 

74,033 

South  of  Camforth 

24,674 

35,072 

22,263 

30,653 

19,713 

East  Coast,  rt4  Carlif'L'    .    . 

48,936 

62,709 

226 

20 

•  • 

rid  Penrith 
Total 

•  • 

•  ■ 

39,268 

4,628 

10,431  ; 

1,117,067 

1,216,816 

1,052,001 

901,339 

1,234,389  ' 

1 

In  the  year  1878  the  Hodbarrow  ore  was  distributed  as  follows : 
Shipped  at  the  Company's  private  harboui*,  121^914  tons;  to 
Millom  Ironworks,  61,589  tons;  carried  by  Fumess  Railway, 
87>069  tons ;  the  remaining  4,440  tons  being  disposed  of 
locally. 

The  following  presents  a  complete  list  of  the  iron  mines  of 
Cumberland,  their  situation,  and  the  names  of  the  proprietors 
working  the  same  iH  the  year  1881 : — 

CUHBERLAIO)  IbOX  MiKES. 


Name  of  Mine. 


Birks,  3  Pits 
Bi 


igngK 
Gutterlv 
Lonsdale 
Lon^lands 
Bigntg 
"WyndiSam  Ht 
Lady  Pit    . 
Cleator  Moor . 
York  Pit    . 
Crowgaxth 
Geator,  4  Pits    . 
Groesfield,  8  Pit.s    . 
Montreal    . 
Dyke  Nook    . 
High  HoTisei  4  Pits 
GroBSgill 
Sgremont  . 
Enen 

Eskdale 


tSitiuitioii. 


Whitehaven 


{E^pemont,  Friz-  | 
mgton,  and  | 
Oleator  .        .     > 


Whitehaven 


Frizington 

St.  Bees,  Camforth 

Frizington 

Whitehaven 

Egremont 

Bayenglass 


Name  of  Proprietor  or  CouipftU}*. 


Joseph  Fearou 
S.  and  J.  Lindow 


Lord  Leoonfield 


Cleator  Iron  Ore  Co. 

Crcrasfield  Iron  Ore  Co. 

John  Stirlinc; 

Dyke  Nook  Mining  Co. 

Fletcher  &  Hodgetts 

Samuel  Wagstaff  Smith 

Egremont  Iron  Ore  Co. 

Ehen  Mining  Co. 

( Whitehaven  Iron  Minos 

\     Co.,  Limited 


CHAP.  IV.] 


CUMBEBLANB  IBON  INDUSTRIES. 


427 


CuHBEBLAHD  Iboit  "Mikes— continued. 


Name  of  Mine. 


Sltuatiou. 


Efiketfc,  3  Pits 
Salter  and  Eskett,  3  ) 
PitB        .        .        J 
Eskett,  Fostlethwaite. 
Frizmgton  Parks,  2  Pits 
OooeeGreen 
Woodend  .    . 

HodbaiTow,  7  Pits 

Holebeok  and  Batten- ) 


Whitehaven    . 


>> 


9f 


Fiizington. 


row    . 
Kelton 
MiUom  . 
Winder 

Mowbray,  1  Pit 
Moor  Bow  . 
Nabb  QiU      . 
New  Parkside    . 

Parkside,  7  Pits 

Salter  Hall 
Steel  End 
Waterblean,  1  Pit 
Winder. 

Windeigill . 

Wyndham 
Yeathonse  . 


) 


99 


Egremont  . 
Holbom  Hill  . 


99 


Lamplugli 

MiUom 

Frizington 


99 


( Moor  Bow, White- ) 
(     haven  \ 

Eskdale 
Whitehaven    . 

>» 
Qeator  Moor  . 

Gbeen  Boads,  MUlom 
Millom   . 

Winder 

Egremont 
Whitehaven 


Name  of  Proprietor  or  Company. 


I  Eskett  Iron  Ore  Co. 
(  Salter  and  Eskett  Park 
(     Mininff  Co. 
J.  Fostlethwaite,  jonr. 
James  Bain  &  Co. 


»» 


»> 


»> 


9> 


c 


i  The  Hodbarrow  Mining 
(     Co. 
The  Daknellington  Iron 
Co. 

.  David  &  Co. 
Georee  J.  Eveson 
■  Winc&r  Iron  Ore  Co. 
'  (  Mowbray  Iron  Ore  Co., 
}     Limited 

Moor  Bow  Mining  Co. 

)  Whitehaven      Iron 
'  I     Mining  Co. 
I  I  New     Parkside     Iron 

\     Mining  Co.,  Limited 
I  \  The     Parkside      Iron 

)     Mining  Co. 
I  Thos.  Dixon  &  Co. 
I  Steel  End  Mining  Co. 
I  G.  J.  Eveson 

{ Maryport     Hematite 
(     Iron  Co. 

\  Wyndham  Mining  Co., 
\     Limited 
Yeathouse  Mining  Co. 


Population  omployod  in  Iron  Kinos  in  CnmborlancL — The 
coal-field  of  Cumberland  is  barren  of  those  argillaceoas  ores  of 
iron  which  are  found  so  abundantly  in  Staffordshire  and  other 
coal-fieldsy  a  very  thin  band  only  being  found  near  the  Parkside 
Mine.  On  the  other  hand,  their  absence  is  more  than  compen- 
sated for  by  the  red  hematite  deposits  of  iron  ore  in  the  carboni- 
ferous limestone.  As  recently  as  the  year  1864,  the  number  of 
persons  employed  in  Cumberland  in  iron  mining  did  not  exceed 
369.  In  later  returns,  and  until  the  *'  Metalliferous  Mines  Begu- 
lation  Act,  1872,"  came  into  operation,  those  employed  in  coal 
and  iron  mines  were  not  separately  distinguished.   Since  the  year 
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1878  reliable  returns  are  available,*  showing  the  numbers  employed 
under  and  above  ground,  also  the  output  of  the  mines,  and  the 
average  produce  of  ore  per  man ;  the  details  are  as  follows : — 


PEIUION8  EMPLOYED. 

Year. 

^__ 

Total 

Hematite  Ore 

Average 

Under 

Above 

Eiiii»loye<l. 

Baised. 

perllnu. 

Ground. 

Qrouiid. 

K08. 

NOH. 

N08. 

Tons. 

Tonii. 

1873 

3,438 

1,004 

4,442 

i           917,452 

206 

1874 

4,108 

1,179 

5,287 

1,204,802 

227 

1875 

4,217 

1,345 

5,562 

1,130,201 

205 

1876 

4,620 

1,803 

6,423 

1,377,412 

215 

1877 

4,826 

1,551 

6,377 

1,478,338 

232 

1878 

4,502 

,      1,467 

5,969 

1.322,028 

221 

1879 

4,088 

'      1,393 

5,481 

1,223,338 

223 

1880 

4,880 

'      1,620 

1 

6,500 

1        1,525,084 

2U 

Pig  Iron  Xaaufiftcture. — The  earliest  facts  bearing  on  this 
industry  in  Cumberland  appears  in  Hutchinson's  t  history  of 
that  county,  in  which  it  is  stated  that  "between  Workington 
and  Seaton,  on  the  banks  of  the  Derwent,  are  considerable  iron- 
works, planned  and  built  under  the  direction  of  that  eminent 
engineer,  the  late  Thomas  Spalding,  of  Whitehaven,  in  the  year 
1763.  They  have  two  blast  furnaces  for  the  smelting  of  iron  ore, 
a  mill  for  slitting  and  rolling  of  bar  iron,  a  double  forge  for 
refining  and  drawing  of  bar  iron,  a  foundry,  with  several  small 
furnaces,  wherein  they  make  cannon  and  cast-iron  works  of  all 
sorts,  a  boring  mill  for  boring  cannon,  cylinders,  &c.,  a  grinding 
house  and  turning  house  and  many  other  conveniences  for  carrying 
on  a  very  extensive  iron  manufactory.  These  works  are  carried  on 
under  the  firm  of  Spedding,  Hicks  and  Company."  In  the  year 
1796,  two  years  after  the  publication  of  the  volume  from  which 
the  above  is  extracted,  a  return  to  Parliament,  on  the  authority 
of  Dr.  M'Nab,  shows  that  at  that  time  there  were  two  blast 
fmnaces  in  operation,  named  Bearpot  and  Duddon,  the  latter,  no 
doubt,  being  in  the  occupation  of  the  ancestors  of  the  present 
proprietors,  Messrs.  Hanison,  Ainslie  &  Co. 

The  early  history  of  the  iron  industries  of  Millom  present 
some  interesting  features.  The  Huddlestons,  of  Millom  Castle, 
had  one  or  more  charcoal  blast  furnaces  near  a  stream  still  known 


*  Beporta  of  H.M.  Inspectors  of  Mines. 

t  **  History  and  Antiquities  of  Cumberland."    Hutchinson,  Carlisle,  1794. 
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as  Furnace  Beck,  and  about  a  mile  north-east  from  the  castle, 
where,  when  the  site  had  been  ploughed,  slag  and  pieces  of  iron 
were  found.  At  Duddon  Bridge  a  charcoal  furnace  is  standing 
which  is  used  from  time  to  time  as  charcoal  can  be  obtained,  as 
are  also  those  at  Newland  and  Backbarrow,  both  in  Fuiness.  A 
fourth  exists  at  Warsash  in  Hampshire,  near  Southampton,  and 
a  fifth  at  Lorn  in  Argyleshire.  The  Backbarrow  furnace  was 
in  operation  in  the  year  1745,  also  the  Duddon,  both  furnaces 
being  marked  on  Speed's  Map  of  Cumberland,  and  they  had 
probably  been  at  work  for  years  previously.  These  furnaces 
belonged  to  the  family  of  Lathom,  of  Broughton  in  Fumess, 
from  whom  they  passed  early  in  the  present  century  to  the  old 
established  firm  of  Harrison,  Ainslie  &  Co.,  by  whom  they 
are  still  owned.  Mr.  Thomas  Massicks,  who  has  gleaned  many 
important  facts  connected  with  the  district,  possesses,  it  is  said, 
a  pig  of  the  iron  made  in  Millom,  and  branded  a.d.  1788,  which 
was  found  doing  duty  as  a  lintel  in  a  cottage  at  Hodbarrow. 
These  are  the  only  charcoal  furnaces  traced  in  the  Millom 
district;  and  Mr.  Massicks  is  of  opinion  that  no  part  of  the 
vast  deposits  of  Hodbarrow  were  touched  till  about  fifty  years 
ago,  when  a  small  quantity  was  worked  near  the  shore,  and 
that  the  Huddlestone  furnaces  were  partly  supplied  from  a  small 
vein  in  limestone  close  by,  the  remainder  being  brought  from 
Fumess. 

The  production  of  charcoal  pig  iron  at  the  works  of  Bearpot 
and  Duddon  in  1796  was  2,080  tons  and  1,664  tons,  or  a  total 
of  8,744  tons.  These  charcoal  furnaces,  except  the  Bearpot,  are 
still  in  existence,  and  in  the  year  1855  produced  16,574  tons  of 
charcoal  pig  from  hematite  ore.  The  demand  for  this  quality  of 
iron  at  the  period  was  considerable,  it  being  extensively  used  in 
Birmingham  for  saddlers'  ironmongery,  where  it  was  smelted  in 
crucibles  and  run  into  small  moulds ;  these  castings  were  subse- 
quently decarbonised  by  being  placed  in  layers,  with  powdered 
hematite  ore,  in  cylindrical  pans,  and  exposed  to  a  sufficient  heat 
in  suitable  ovens,  until  all  became  malleable.  The  iron  thus 
made  has  a  wide  reputation,  and  is  only  inferior  to  the  best 
charcoal  iron  of  Sweden,  Russia  and  Norway*  Blooms  and  bars 
were  made  at  the  Backbarrow  works  in  Lancashire  in  1855 ;  the 
manufacture  was,  however,  discontinued,  through  the  failure  of 
wood  for  making  the  charcoal. 
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In  the  year  1851  the  production  of  pig  iron  in  Cumberland  was 
very  limited,  being  confined  to  the  Cleator  Iron  Company,  near 
Whitehaven,  who  had  three  furnaces  in  operation,  and  the  small 
charcoal  furnaces  already  referred  to.  The  make  of  pig  iron  in 
1854  did  not  exceed  20,000  tons ;  about  the  year  1857  the  works 
at  IJarrington  of  Mr.  C.  H.  Plevins  and  those  at  Seaton  of  the 
Messrs.  Smith  and  Co.,  were  put  in  blast ;  in  the  following  yeai* 
the  works  of  the  Workington  Iron  Company  commenced  the  make 
of  hematite  pig,  with  two  furnaces.  And  in  the  year  1868  the 
West  Cumberland  Iron  and  Steel  Company  blew  in  three  furnaces. 
Again,  in  the  year  1870,  the  Maryport,  MiUom  and  Solway 
Companies  commenced  operations.  At  this  period  there  were 
S3  furnaces  built,  of  which  24  were  in  blast,  making  255,178  tons 
of  pig  iron.  Other  works  followed,  at  Moss  Bay  and  Workington, 
in  1872,  while  the  works  of  Parton  commenced  active  operations 
in  the  year  1874.  The  Journal  of  the  Iron  and  Steel  Institute 
gives  ample  details  in  its  pages,  not  only  of  the  Cumberland 
ironworks,  but  of  others  throughout  the  kingdom ;  those  of  the 
west  coast  springing  up  in  recent  years  so  rapidly  have  a  special 
interest,  and  the  following  account  will  show  generally  their 
extent  and  appliances.  *^  In  the  works  of  the  West  Cumberland 
Hematite  Iron  and  Steel  Company,  the  largest  and,  in  many 
respects,  the  most  modern  establishment  in  the  Workington 
<listrict,  there  are  here  six  blast  furnaces,  each  55  feet  in  height, 
and  varying  from  18  to  21  feet  in  the  diameter  of  the  boshes,  or 
widest  part.  The  furnaces  are  blown  by  a  pair  of  beam  engines, 
having  a  blowing  cylinder  of  8  feet  in  diameter,  and  a  steam 
cylinder  of  8  feet  8  inches  in  diameter ;  the  stroke  of  the  piston 
being  8  feet  6  inches,  and  the  engine  working  at  the  rate  of 
20  revolutions  per  minute.  The  oldest  furnaces  of  the  company 
were  erected  about  the  year  1860,  in  which  year  the  blast  engines 
were  also  erected.  The  blast  furnaces  are  all  fitted  with  the  bell 
mouth  and  hopper  apparatus,  patented  by  Head,  Wrightson  &  Co., 
for  the  utilization  of  the  waste  gases,  which  are  conducted  to  the 
heaters  and  boilers  in  the  usual  way.  The  hoists  used  for  the  eleva- 
tion to  the  top  of  the  furnaces  of  the  raw  materials  are  also  on  a 
principle  patented  by  Mr.  Wrightson  of  the  above-named  firm,  and 
well  known  both  in  the  Cleveland  district,  where  it  has  been 
extensively  adopted,  also  in  Wales,  Staffordshire,  and,  more 
recently,  in  Scotland. 
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"  Within  a  few  miles  of  their  furnaces  the  West  Cumberland 
Company  are  working  a  coal  royalty,  which  produces  a  quality  of 
coal  suitable  for  the  manufacture  of  coke.  This  coal  is  brought  to 
the  blast  furnaces  in  its  raw  state,  and  on  either  side  of  the  yard 
separating  the  blast  furnaces  from  the  steel  works  of  ihe  company 
there  are  a  large  number  of  coke  ovens  at  work.  The  coke  is 
said  to  be  of  good  quality,  although  it  must  come  far  short  of  the 
South  Durham  coke,  seeing  that  the  latter  is  always  preferred  for 
any  special  brand,  and  that  there  are  other  firms  in  the  district 
that  use  no  other.  The  production  of  the  West  Cimiberland  blast 
furnaces  averages  from  200  to  250  tons  per  week  each.  The 
general  character  of  their  arrangements  is  very  much  similar, 
apart  from  height  and  capacity,  to  those  built  in  the  Cleveland 
district.  The  company  possess  manifest  advantages  in  the  near 
proximity  to  the  sea,  which  is  within  one  hundred  yards  of  the 
furnaces,  and  furnishes  an  illimitable  tip  for  the  slag,  a  boon 
which  many  ironmasters,  occupying  a  more  insular  situation,  and 
therefore,  at  a  great  loss  in  disposing  of  their  waste  vitreous 
produce,  would  highly  appreciate. 

'*  The  steel  works  of  the  West  Cumberland  Company  are  sepa- 
rated by  a  distance  of  some  three  hundred  yards  from  the  blast 
furnaces,  part  of  the  intervening  space  being  occupied  with  a 
small  forge  and  workshop.  With  the  exception  of  the  works  of 
the  Barrow  Company,  these  are  undoubtedly  the  finest  steel  works 
on  the  west  coast.  Here  there  are  found  Bessemer  convertors  in 
operation,  two  having  a  capacity  of  8  tons,  and  other  two  of 
6  tons  each.  The  operation  of  casting  the  ingots  of  steel  is 
performed  here  in  the  ordinary  way.  In  the  subsequent  pro- 
cesses, however,  the  rails  are  drawn  out  in  lengths  of  48  feet, 
and  then  in  their  red-hot  state  they  are  brought  to  a  guillotine 
and  cut  into  lengths  of  21  feet  each ;  so  that  for  every  two  rails 
there  are  only  two  crop  ends.  In  some  cases  it  is  found  possible 
to  draw  out  lengths  of  from  60  to  64  feet,  thus  allowing  only  two 
crop  ends  for  three  rails ;  but  in  general  practice  it  is  found  better 
to  keep  to  the  shorter  and  more  wieldy  length  of  48  feet. 

''  The  Moss  Bay  Company's  iron  and  steel  works,  situated 
near  Workington,  maybe  referred  to  as  possessing  all  the  modem 
improvements,  and  it  was  at  these  works  that  the  appliances  now 
nearly  universally  employed  for  utilizing  the  waste  gases  were 
first  introduced  into  this  district.    A  forge  is  attached  to  these 
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works,  where  a  puddling  furnace  on  a  new  principle  is  employed, 
patented  by  Mr.  Kirk,  the  manager.  These  new  furnaces  work 
with  a  consumption  of  not  more  than  15^  cwt.  of  coal  to  the  ton 
of  puddled  bar." 

In  the  table  below  appears  the  number  of  furnaces  built  and  in 
blast,  with  the  make  of  pig  iron  in  each  year  since  1857  : — 


FURNACKH. 

Year. 

Pig  Iron  Made. 

Average  per 
Funiace. 

Built 

InBl&Bt 

Nos. 

Nos. 

Tons. 

Tons. 

1857 

8 

6 

30,515 

5,083 

1858 

8 

5 

26,264 

5,253 

1859 

12 

7 

50,097 

7,157 

1860 

12 

8 

87,950 

10,993 

1861 

12 

8 

55,165 

6,895 

1862 

12 

7 

103,455 

14,779 

1863 

14 

10 

106,090 

10,609 

1864 

15 

11 

141,033 

12,821 

1865 

15 

9 

107,430 

11,935 

1866 

17 

12 

136,343 

11,362 

1867 

17 

8i 

109,839 

12,553 

1868 

17 

8 

116,864 

14,608 

1869 

17 

9 

129,107 

13,234 

1870 

27 

24 

255,178 

10,632 

1871 

t      ^ 

28| 

336,569 

11,707 

1872 

37 

33i 

440,675 

13,250 

The  variation  in  the  average  yield  of  the  furnaces,  it  should  be 
stated,  is  due  to  the  circumstance  of  some  of  the  furnaces  being 
in  blast  but  a  part  of  the  year.  In  considering  the  quantity 
of  coal  used  in  the  manufacture  of  pig  iron,  the  average  amount 
used  about  the  year  1869  was  60  cwt.,  subsequently  it  was  deter- 
mined by  inquiries  specially  made,  that  in  the  year  1873  the 
average  did  not  exceed  61  cwt.  in  Great  Britain ;  while  in  this 
district,  where  the  Durham  coke  is  extensively  employed,  the 
average  did  not  exceed  47  cwt.,  all  purposes  included ;  and  in  all 
cases  where  coke  was  returned  its  equivalent  in  coal  has  been 
taken. 

Coal  and  Iron  Ore  usad  in  Maaufketiire. — In  the  year  1872 
inquiries  were  first  instituted  with  a  view  of  ascertaining  the 
quantities  of  fuel  and  ore  used  in  the  manufacture  of  pig  iron. 
The  results  appear  in  the  annexed  table  giving  the  number  of 
furnaces  built  and  in  blast  in  Cumberland,  tiie  make  of  pig  iron, 
and  the  coal  and  iron  ore  employed  : — 
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Year. 


VURMACEB. 


Built 


In  Blast 


Nob. 

1872 

37 

1873 

39 

1874 

51 

1875 

51 

1876 

47 

1877 

50 

1878 

51 

1879 

51 

1880 

51 

Pig  Iron  Made. 


CoalUsed. 


Ore  Used. 


Tons. 
440,575 
456,877 
390,840 
486,112 
436,887 
538,156 
542,904 
531,638 
790,343 


Tons. 

1,077,783 
1,079,118 
1,010,125 
1,089,000 
936,929 
1,027,869 
1,019,957 
1,005,497 
1,604,097 


Tons. 
850,500 
865,172 
738,490 
846,000 
783,456 
956,834 
976,059 
930,247 
1,475,280 


In  the  year  1872  the  coal  used  in  pig  iron  manufacture,  all 
purposes  included,  was  49  cwts.  to  each  ton  of  pig  iron  made, 
compared  with  47^  cwts.  in  the  following  year ;  successive  years 
show  improved  economy.  Taking  the  years  1879  and  1880  the 
average  varies  between  88  and  40  cwts. 

The  works  and  furnaces  in  operation  in  Cumberland  during  the 
year  1880  were  as  follows ;  producing,  as  stated,  790,843  tons  of 
pig  iron  suitable  for  the  manufacture  of  steel : — 

CUMBEBLAia). 


No. 


Name  of  Works. 


Owners. 


1 
2 

3 

4 
5 
6 


8 

9 
10 

11 

12 
13 


Denrent 

Duddon 

( Harrington    Uiematite, ) 
I     WMtoharen        .        .        j 
Lonsdale,  Whitehaveu         .    . 
Lowther,  Workington 
Maryport 

MiUom 

Moss  Bay,  Workington        .    . 

Parton,  Whitehaven 
Solway  Hoematite,  Maryport    . 
( West   Cumberland  Iron   and 
(      Steel,  Workington .        .     . 
( Whitehayen  Hematite.  Cleator 

{     Moor 

Workington  .    . 


I 


Derwent  Honnatite  Iron  Co.,  lim. 
Harrison,  Ainslie,  &  Co.  .    . 

James  Bain  &  Co. 

Lonsdale  Hematite  Iron  &  Steel  Co. 
Lowther  Hematite  Iron  Co.,  lim. 
Maryport  Hematite  Iron  Co.  .  . 
f  Cumoerland  Iron  Mining  ft  ) 
\  Smelting  Co.,  Limited  .  j 
r  Moss   Bay  Hematite  Iron  &  i 

}      steel  Co / 

Parton  Hematite  Iron  Co.,  lim. 
Solway  Hematite  Iron  Co.,  Lim. 
West  Cumberland  Iron  &  Steel 

Co.,  Limited  . 
Whitehaven  Hematite  Iron  Co., 

limited     .... 
Workington  Iron  Co.,  limited 

Total  of  Cumberland  . 


*  One  furnace  for  six  months.  t  One  furnace  for  seven  and  a  half  months, 

t  Another  furnace  for  six  weeks.       §  A  third  furnace  for  three  months. 

li  One  furnace  a  part  of  the  year  only. 

p  V 
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As  to  the  ore  employed,  all  varieties  included  give  an  average 
in  1872  and  1878  of  about  88  cwts.,  compared  yiitii  36  cwts.  in 
recent  years.  The  great  bulk  of  the  ore  reduced  in  the  Cumber- 
land furnaces  is  the  produce  of  the  district,  the  other  ores  im- 
ported and  used  in  admixture  were  derived  from  the  following 
sources  in  each  year  since  1875 : — 


1876. 

1876. 

1877. 

1878.              1879. 

1880. 

HaBmatite 
Foreign       .     . 
Irish 
Other  ores   .    . 

Totals    . 

Tons. 
809,703 
16,178 
21,119 

•  • 

Tons. 

740,710 

23,500 

14,029 

5.217 

Tons. 

906,991 

28.776 

17,487 

3.580 

Tons.             Tons. 
914,475        890,456 
29,000    !      16,308 
18,633         15,791 
13,951    :       7,692 

Tons. 

1,350,410 

79,424 

28,206 

17,240 

846,000 

783,456 

956,834 

976,059 

930,247 

1,475,280 

The  Irish  aluminous  ore  is  used  with  considerable  advantage 
as  a  flux  in  the  smelting  of  the  haematite,  as  it  contains  from  20 
to  85  per  cent,  of  alumina,  and  from  85  to  40  per  cent,  of  metallic 
iron ;  there  was  also  employed  a  small  amount  of  forge  and  mill 
cinder,  containing  from  40*to  70  per  cent,  of  metallic  iron. 

MaUeaUe  Iron  and  Steel  Works. — ^In  the  year  1872  there 
were  five  works  engaged  in  the  manu£Eicture  of  malleable  iron, 
employing  88  puddling  furnaces  and  11  rolling  mills,  to  which 
should  be  added  the  Bessemer  Works  of  the  West  Cumberland 
and  the  Moss  Bay  Iron  and  Steel  Companies,  situated  near 
Workington.  The  coal  used  in  the  above  works  in  the  years 
1872  and  1878  amounted  to  from  100,000  to  110,000  tons, 
whereas  the  total  quantity  of  coal  employed  in  the  malleable  iron 
works  of  Cumberland  in  1880  and  two  preceding  years  has  not 
exceeded  85,000  tons  per  annum.  The  following  is  a  list  of  the 
works,  with  the  number  of  puddling  furnaces  and  rolling  mills  in 
operation  in  the  year  1880 : — 


Name  of  Works. 

Name  of  Firm. 

Puddling 
Furnaces. 

Rolling 
Mills. 

West  Camberlaiid 

Derwent  Rolling  Mills 
New  Yard      .        .     . 
Marsh  Side 
Ellen  Rolling  Mills     . 

( West  Cumberland  Iron  &  ) 
\     Steel  Co.,  Limited     .     . ) 
Moss  Bay  H.  Iron  &  Steel  Co. 
Kirk  Brothers  &  Co. 

>»            >>              •        • 
Penton,  Hampton,  &  Jaokson 

Total     . 

Nos. 
0 

13 

7 

8 

♦13 

Nos. 

3 

2 

1 
1 
2 

41 

9 

*  Works  standing. 
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The  four  first  named  works  are  situated  near  Workington,  and 
the  last  near  Maiyport,  which  has  been  standing  for  some  years. 

The  production  of  Bessemer  steel  in  the  Cumberland  works  in 
the  yeai-  1879  amounted  to  127,163  tons  of  ingots,  increased  in 
1880  to  140,869  tons  of  ingots,  showing  an  increase  of  18,706 
tons  of  ingots  over  the  previous  year.  The  production  of  Bes- 
semer steel  rails  in  1879  amounted  to  108,969  tons,  and  in  1880 
to  114,096  tons,  showing  an  increase  of  10,127  tons  in  the  last- 
named  year.  The  total  output  of  Bessemer  steel  rails  in  Great 
Britain  in  the  years  1879  and  1880,  according  to  the  annual 
reports  of  the  British  Iron  Trade  Association  for  those  years, 
being  respectively  519,718  tons,  and  739,910  tons,  giving  an  in- 
creased production  in  1880  of  41  per  cent,  over  the  previous  year. 
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CHAPTEE    V. 

LANCASHIRE    IRON    INDUSTRIES. 

Description  of  Iron  Ore  deposits  in  Fumess— Analyses,  production  and  distribution 
of  Ore—Iron  Mines  in  Lancashire — Population  employed  in  Iron  Mining — Pig 
Iron  Manufactuie — Early  history — ^Barrow  and  Wigan  Coal  and  Iron  Co.'sWorks 
— Production  of  Pig  Iron — List  of  Iron  Works — Malleable  Iron  and  Bessemer 
Steelworks,  and  Coal  employed — Mersey  Steel  Works — Coal  and  Iron  Ore 
used  in  Pig  Iron  Manufacture— Sources  of  Iron  Ore. 

ZAacwriiire.    Xron  Ore  Deposits.    Carboniferous  Limestone. 

— So  closely  do  the  iron  ores  of  North  Lancashire  resemble 
those  of  Cumberland,  both  in  their  mineralogical  character  and 
in  their  mode  of  occurrence,  that  little  need  be  added  to  what 
already  has  been  said  on  the  deposits  of  similar  character  in 
the  adjoining  county  of  Cumberland.  Whilst  the  Cumberland 
hsematite  is  for  the  most  part  a  hard  ore,  the  predominating 
mineral  in  the  Fumess  district  is  a  soft  haematite,  often  contain- 
ing, however,  embedded  pieces  of  a  compact  variety ;  most  of  this 
soft  ore  is  used  for  fettling  puddling  furnaces.  It  is  notable  that 
many  of  the  irregular  deposits  of  ore  in  the  carboniferous  or 
"  Mountain  Limestone  "  of  Fumess  extend  upward  to  the  level 
of  the  limestone,  and  are  overlain  merely  by  deposits  of  drift ; 
from  such  a  mode  of  occurrence  it  may  be  naturally  inferred  that 
the  denudation  which  the  ore-bearing  rocks  have  suffered  has 
removed  the  upper  portions  of  the  deposits,  and  that  the  drift 
was  accumulated  upon  the  exposed  surface  of  ore.  Some  of 
these  mineral  deposits  in  Fumess  are  of  considerable  extent ; 
for  example,  the  ore  worked  at  Park,  and  at  the  Boanhead  Mines, 
forms  a  deposit  extending  for  upwards  of  500  yards  in  length, 
its  width  varying  from  120  to  240  yards. 

As  in  the  Whitehaven  district,  so  in  Fumess,  the  ore  is  not 
confined  to  irregular  deposits  in  the  limestone,  but  is  found  also 
in  more  or  less  regulai*  fissures,  which  generally  have  a  north- 
west and  south-east  strike,  with  a  dip  to  the  south-west.  Thus 
the  mines  at  Stank,  which  are  the  deepest  in  the  Furness  district, 
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are  worked  upon  one  of  these  fissures  of  hsematite,  dipping  45"" 
to  the  south-west ;  this  is  known  to  extend  for  a  length  of  more 
than  600  yards,  and  is  in  part  as  much  as  80  yards  in  width. 
Mr.  P.  Wurzburger  gives  further  interesting  details  of  the 
deposits  in  this  district  in  his  paper  read  before  the  Barrow-in- 
Furness  meeting  of  the  Iron  and  Steel  Institute,  in  August, 
1874. 

Analyses  of  the  Ore.^ — The  haematite  of  the  Lindal  Moor 
Mines,  near  Ulverstone,  of  Messrs.  Harrison,  Ainslie,  and 
Company,  and  worked  extensively,  has  been  examined  by  Mr. 
John  Spiller,  who  described  it  as  follows: — "The  sample  was 
selected  from  a  large  quantity  of  ore,  consisting  of  fragments  of 
various  degrees  of  hardness,  the  majority  of  which  were  of  the 
hard  compact  variety,  deep  grayish  purple  in  colour,  and  covered 
with  a  brownish  red  imctuous  powder;  there  were  also  small 
(Xuantities  of  fibrous  haematite  and  specular  iron,  together  with 
quartz  and  a  little  earthy  matter.*' 

Results  Tabulated. 

Peroxide  of  iron 94*23 

Protoxide  of  manganeee 0*23 

Alumina 0*61 

Lime 0*06 

Magnesia trace. 

Phosphoric  add minute  traoe. 

Sulpnuric  add 0*09 

Bisulphide  of  iron 0*03 

Water,  hygrosoopio 0*39 

Water,  combined 0*17 

InBoluble  reddue 6*18 

Total 100*88 

Insoluble  Besidue. 

SiUca 4*90 

Alumina 0*12 

Peroxide  of  iron  and  lime traoes. 

Total 5*02 

The  total  amount  of  metallic  iron  contained  in  the  ore  being 
equivalent  to  66*98  per  cent.,  a  distinct  trace  of  arsenic  being 
detected  in  1680  grains  of  the  ore. 

The  haematite  raised  at  Gilbrow,*  also  near  Ulyerstone,  ex- 
amined by  Mr.  A.  Dick,  is  thus  referred  to : — "  Description. — 
Bed  hfiematite ;  unctuous ;  easily  scratched  by  the  file ;  lustre, 

*  **  Iron  Ores  of  Great  Britain/*  Fart  1,  p.  66. 
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sub-metallic ;  colour,  purplish  red ;  streak,  bright  red ;  frac- 
ture, uneven  and  minutely  crystalline;  pieces  of  carbonate  of 
lime  and  other  minerals  occur  in  it,  which  getting  coloured  by 
the  powder,  cannot  be  seen  until  the  specimen  is  washed.  Total 
amount  of  metallic  iron  contained  in  the  ore  is  equivalent  to 
60-55  per  cent." 

Results  Tabulated. — Ore  Dried  above  100°  C. 

Peroxide  of  iron 86*50 

Protoxide  of  manganese 0*21 

Lime 2-77 

Mamesia 1*46 

Carbonic  acid 2*96 

Phosphoric  acid trace. 

Solpnurio  acid 0*11 

Insoluble  residue 6*55 


Total 1(K);56 

Insoluble  Besidue. 

SiHca 6*18 

Alumina  containing  a  trace  of  iron 0-30 


Total 


6-48 


A  whitish  metal,  precipitable  by  sulphuretted  hydrogen  from 
the  hydrochloric  acid  solution,  was  found.  The  quantity  ob- 
tained from  500  grains  of  ore  was  so  small  that  it  could  not  be 
identified. 

The  poorer  ores  in  the  Fumess  district  average  45  per  cent,  of 
metallic  iron,  while  50  per  cent,  of  iron  are  found  in  similar  ores 
in  the  Whitehaven  district.  The  following  series  of  analyses,  by 
Bichards,  shows  the  constituents  of  some  of  the  best  haematite 
ores  of  Barrow-in-Furness,  employed  in  making  Bessemer  pig- 
iron  in  the  Barrow  Works : — 


Constituents. 

Park. 

Whitrifrgs. 

Mouzell. 

Peroxide  of  iron    . 

94-88 

83-33 

83-94 

Alumina.     . 

0-07 

0-75 

0-70 

Protoxide  of  manganese 

0-04 

0-08 

0-28 

Lime                  .        .     . 

0-34 

4-10 

0-85 

Magnesia 

trace. 

0-15 

0-09 

Water 

0-47 

1-97 

2-28 

Phosphoric  acid     . 
Sulphuric  acid  .        .     . 
Caroonic  acid 

0-03 

•  •  • 

0-03 

•  ■  « 

trace. 

... 

•  •  • 

2-53 

a  ■  • 

Silica         .        .        .     . 

Total    . 

4-55 

6-59 

12-46 

100-38 

99-50 

100-63 
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The  Park  ore  gives  66*42  per  cent,  of  metallic  iron,  the  Whit- 
riggs  and  Mouzell  yielding  respectively  58*88  and  58*76  per  cent. 
The  ore  used  at  Askam  has  the  following  composition : — 

Peroxide  of  iron 83'00 

Silica 15-50 

Carbonate  of  lime trace. 

Moisture 1*50 

Total 100-00 

And  yielding  of  metallic  iron  58*10  per  cent.  It  may  be 
remarked,  regarding  these  ores,  that  the  harder  variety  is  inva* 
riably  used  in  the  manufacture  of  haematite  pig-iron,  and  is 
therefore  called  blast  ore.  The  average  yield  of  the  Lancashire 
hsematite  may  be  taken  as  64  per  cent. 

The  following  are  analyses  of  other  ores  smelted  at  the  Barrow 
Hsematite  Iron  and  Steel  Company's  works,  and  obtained  from 
the  localities  named : — 


ConBtituenta. 

Lindal 
Moor 

(Blfwt 
Ore). 

Lindal 

Cote 

(Paddling 

Ore). 

Lindal 

Moor 

(Puddling 

Ore). 

Dalton 

(Blaat 

OreX 

Newton 

(Blaat 

Ore). 

idesquioxide  pt'  iron    .     . 

78-61 

77-24 

86-20 

67-14 

77-64 

Phosphoric  add 

003 

•  ■  • 

•  •• 

. .« 

•  •  • 

Phosphorus                .     . 
Sulnnuric  add 
Carbonic  add    .        .    . 

0-01 

•  •• 

... 

... 

trace. 

004 

•  •  • 

0-04 

... 

trace. 

•  •  • 

4-19 

1-43 

4-45 

trace. 

Silica     .... 

0-04 

0-09 

0-08 

... 

0-01 

AluTnina    . 

trace. 

0-24 

0-43 

0-25 

0-15 

Protoxide  of  manganese 

0-24 

0-11 

trace. 

0-08 

0-13 

0-57 

6-00 

2-23 

6-02 

1-09 

Magnesia 

0-19 

0-41 

0-59 

0-15 

0-14 

Water        .... 

2-02 

2-82 

3-35 

1-80 

3-08 

Insoluble  residue   . 

Total    . 

18-31 

9-07 

6-50 

19-77 

17-94 

10006 

100-17 

100-85 

99*66 

100-18 

I 

NSOLXTBTiT 

B  BEsmu] 

B. 

Silica 

16-11 

7-27 

5-58 

19-09 

15-44 

Alumina 

1-67 

1-47 

0-58 

0-51 

2-13 

liime 

0-03 

0-08 

0-05 

0-12 

0-06 

Magnesia 

Total    . 
Metallic  Iron 

005 

trace. 

trace. 

trace. 

trace. 

17-86 

8-82 

6-21 

19-72 

17-63 

55-03 

54-07 

60-34 

47-00 

54-35 
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Production  of  Hnmatite. — Taking  a  retrospective  view  of  the 
iron  trade  in  Barrow  and  the  Furness  district  in  the  beginning 
of  this  century,  it  appears,  according  to  the  books  of  the  Harbour 
Trustees,  that  the  total  quantity  of  ore  sent  from  the  port  of 
Barrow,  in  the  year  1800,  was  but  1,200  tons,  compared  with 
146,000  tons  in  the  year  1849,  when  Mr.  Braithwaite  Poole 
made  a  report  on  iron  ore  to  the  Directors  of  the  Lancaster  and 
Carlisle  Eailway  Company.  At  this  period,  according  to  the 
above  report,  there  appears  to  have  been,  in  Great  Britain,  60 
mines  in  operation,  the  output  of  ore  amounting  to  500,000  tons 
per  annum,  and  employing  miners,  bankmen,  carters,  and  others, 
to  the  number  of  nearly  8,000  men,  while  the  value  of  the  ore 
thus  raised  annually  was  estimated  to  reach  £500,000.  The 
mines  and  firms  raising  haematite,  in  Lancashire,  in  1849,  were 
as  follows,  producing  in  the  Furness  district  182,000  tons,  of  an 
average  of  64  per  cent,  of  metallic  iron : — 


No. 

Minm. 

Proprietors. 

Tons. 

3 
3 
4 
3 

1 
2 
1 

Tiindal  Moor       .     . 
Gross  Gki.t68     . 
Lindal  Goto 
Mouzell  . 
Haulme 
Stainton . 
EUiscales    . 

Harrison,  Ainslie,  and  Co. 
Town  and  Rawlinson  . 
Ulverstone  Mining  Go.     . 
Schneider,  Davis,  and  Co.    .     , 
Gharles  Kennedy 
George  Huddleston              .     . 
George  Ashbumer   . 

55,000 
42,000 
29,000 
25,000 
12,000 
12,000 
7,000 

17 

Total    .     . 

1 

182,000 

Of  this  quantity  146,000  tons  were  shipped  at  Barrow,  33,000 
tons  disposed  of  by  the  Ulverstone  Canal,  the  remaining  8,000 
tons  being  consumed  in  the  district  in  the  works  of  Messrs. 
Harrison,  Ainslie,  and  Co.  The  distribution  of  the  ore  was  as 
follows : — 


DI8TRIBX7TIOV.  TOKS. 

South  Wales 87,000 

Staffordshire 84,000 

Pumess  district 3,000 

Yorkshire 3,000 

North  Wales  and  Salop 2,000 

Scotland 2,000 

Newcastle  and  Durham 1,000 

Total  of  Furness  Ore  .        •        .     .  182,000 
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The  average  selling  price  at  Barrow  at  this  period  was  10a.  6d* 
per  ton ;  the  cost  of  getting  and  other  incidental  charges  being 
shown  in  the  annexed  items : — 

s.   d. 

Royalty 16 

Working 2    6 

Propwood 10 

Interest  of  value  of  stook 10 

Carriage  (cartage)  14 

Railway  to  Barrow 19 

Profit,  including  mining  risks,  bad  debts,  &c.       .        .        .15 

Selling  price  at  Barrow,  per  ton  •        .        .        .     10    6 


The  cost  of  carriage  from  Barrow  to  South  Staffordshire  by 
canal  and  railway  appears  in  the  following  items,  long  weight  of 
2,400  lbs.  to  the  ton  :— 


BY  SEA.  AND  OAITAL. 

Freight  from  Barrow  to  EUesmere  Port 
Charges  wharfage  and  porterage  at  ditto 

Town  dues 

Canal  charges  ^say  to  Spring  Yale)  *        .        •        . 
Loss  of  ore  by  laying  in  open  wharves  at  2}  per  cent. 

Total  long  weight 

BT  RAILWAT. 

Fi'eight  from  Barrow  to  Fleetwood  or  Poulton 
Charges,  whar£Etge  and  porterage  at  ditto     . 
BaHway  charges  (say  to  Golds  Hill)  f      .        .        . 
Short  weight  v»  long  weight  =:  1-1 4th  ... 


Total  long  weight 


5.   d, 
2    6 


1 
0 

7 
0 


3 
3 
0 
3 


11  3 

B,  d. 

1  6 

0  9 

8  0 

0  9 

11  0 


Five  years  later,  in  1864,  the  united  production  of  the  Lanca- 
shire and  Cumberland  mines  amounted  to  579,924  tons.  Most 
of  the  mines  producing  this  ore  have  since  acquired  a  high  repu- 
tation, on  account  of  the  vast  deposits  discovered,  and  the  supe- 
rior character  of  the  metal  produced  therefrom,  more  especially 
since  the  introduction  of  the  Bessemer  process.  The  ore  raised 
in  1854  was  distributed  thus : — ^to  the  Newcastle  district,  6,785 
tons ;  North  Wales,  18,880  tons ;  South  Staffordshire,  principally 
by  the  London  and  North- Western  Railway,  800,000  tons ;  and 

*  Mr.  George  Jones'  Iron  Works,  near  Wolverhampton. 

t  Messrs.  Bagnall  k  Sons*  Iron  Works,  near  Tipton.    These  two  works  being  at 
an  avenge  distance. 
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by  ship  coastwise  to  South  Wales,  160,000  tons ;  showing  how 
great  was  the  demand  at  this  time  for  these  ores,  to  augment  the 
supplies  to  other  iron-making  districts,  the  high  per  centage  of 
metallic  iron  they  contained  enabling  them  to  bear  a  considerable 
cost  for  transport  to  remote  districts. 

In  subsequent  years  the  production  of  the  Lancashire  mines  is 
separately  distinguished  from  those  of  Cumberland,  amounting 
in  the  year  1855  to  836,829  tons,  the  total  output  of  the  mines  of 
Great  Britain  the  same  year  being  9,563,741  tons.  The  only 
ironworks  existing  in  Lancashire  at  this  period  being  those  of 
Messrs.  Harrison,  Ainslie  and  Co.,  at  Newland  and  Backbarrow, 
previously  referred  to,  where  the  ores  obtained  from  their  Lindal 
Moor  mines  were  smelted  and  pig-iron  made  with  charcoal. 

In  the  annexed  table  is  shown  the  output  of  Lancashii*e  hema- 
tite, in  each  year  since  1856  : — 


Yenr. 

1 
Quantitie8.     ^ 

Ytiar. 

Quantities. 

Toim.       1 

Tons. 

1855 

336,829 

1868 

767,625 

1856 

464,853 

1869 

784,507 

1857 

592,390 

1870 

871.938 

1858 

438,456    i 

1871 

931.048 

1859 

445,046 

1872 

909,077 

1860 

520,829 

1873 

975,826 

1861 

519,180 

1874 

914,357 

1862 

559,391 

1875 

834,484 

1863 

658,642 

1876 

908,664 

1864 

691,421 

1877 

1    993,012 

1865 

607,439 

1878 

1    984,781 

1866 

685,726 

1879 

976,822 

1867 

667,356 

1880 

1,266,503 

In  considering  the  value  of  these  ores  it  may  be  stated  that  in 
the  year  1871  and  the  two  following  years  prices  ranged  from 
19».  9d.  per  ton  in  1871,  to  28a.  6d.  per  ton  in  1872 ;  and  even 
this  was  eclipsed  in  the  year  1878,  when  prices  rose  to  82«.  per 
ton.  In  subsequent  years  prices  have  gradually  diminished, 
thus,  in  the  year  1878,  the  following  are  a  few  of  the  more 
important  quotations  of  Lancashire  ore  delivered  in  trucks  at  the 
pits ;  Lindal  Moor,  15^.;  Askham,  14a.  6d, ;  Koundhead,  18a.  to 
14a. ;  the  lowest  price  quoted  being  10a.  9d.  per  ton. 

The  average  price  of  ore  in  1878,  through  and  through,  was 
12a.  6d.  per  ton  compared  with  18a.  6d*  in  1880.    In  the  an- 
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nexed  table  apx)ears  the  output  of  each  iron  mine  in  Lancashii*e 
in  the  year  1880,  with  the  value  of  the  ore : — 


Name  of  Mine. 


Askham  (Furness  Iron  and  Steel  Co.) 
I  Dalton  „  ,, 

I  Dalton  (Myles  Kennedy) 

EUbcales 
I  Highfield    ... 

Lindal  Cote,  Eure  pits,  ^c. 
'  Lindal  Moor  (Furness  Lron  and ) 
;      Steel  Go.)        .        .        .        .     } 

Lindal  Moor, Whitriggs  and  Qilbrow 
{  Lindal  and  Qua  by   .... 

Lindal-in-Furness    (Wigan    Coal ) 
and  Iron  Co.)  .        .        .        .     ) 

Mouzell  .... 

Newton  (Barrow  H.  S.  Co.) 

Old  Hills      „ 

Park 

Stank  ,, 

Pennington  (Parkside  Mining  Uo.) 

BoanhcNftd  and  Askhani 

Stainton  (Stainton  Mining  Co.) 

Whitriggs  (Barrow  H.  S.  Co.) 

Yarlside  (Parkhouse) 

Total  of  Lancashire 


«» 


t ) 


Quantities. 


2,303 
45,468 

7,236 
22,908 

6,462 
29,998 


257,696 
1,831 


92,597 

1,858 

3,575 

305,415 

127,910 

29,326 

iJ18,363 

4,304 

43,335 

49,242 


Cwts. 

0 
*  0 
0 
15 
0 
0 


16,031   0 


0 
0 


644   0 


0 
0 
0 
0 
0 
0 
0 
19 
0 
0 


Value. 


1,381 
27,280 

4,532 
13,744 

4,696 
20,247 


g.  (i. 

16  0 

8  0 

10  0 

16  0 

10  0 

13  0 


10,820  12  0 


173,944 
1,098 


16  0 
12  0 


386  8  0 


53,264 

1,300 

2,502 

213,790 

89,538 

20,528 

152,854 

3,013 

30,334 

35,700 


5  0 

0  0 

10  0 

0  0 

10  0 

0  0 

0  0 

10  0 

10  0 

0  0 


1,266,503  14    860,959  6  0 


Since  the  year  1872  the  mines  of  the  Barrow  Haematite  Steel 
Company  have  produced  ore  in  the  following  quantities  : — 


Year. 


Newton. 


Old  Hills. 


TUIIH. 

1872 

6,300 

1873 

4,339 

1874 

5,234 

1875 

6,254 

1876 

5,626 

1877 

6,200 

1878 

5,269 

1879 

1,656 

1880 

1.858 

Park. 


Stank. 


Whitriggs. 


Tons. 

Tons. 
262,305 

Tons. 
6,052 

ToiiM. 

10,965 

* 

283,496 

13,246 

16,185 

2,296 

270,469 

22,285 

14,252 

♦ 

245,045 

50,891 

19,981 

4,338 

232,374 

67,420 

27,471 

3,441 

219,462 

77,151 

29,902 

6,417 

208,329 

110,917 

29,961 

2,632 

226,107 

114,936 

30,445 

3,575 

305,415 

127,910 

43,335 

stainton. 


Tons. 

1,770 
2,347 
2,721 
2,043 
111,875 

229 
1,400 

727 


In  the  annexed  table  the  Koanhead  Mines,  the  property  of 
Messrs.  Denney  and  Co.,  the  Lindal  Moor  of  Messrs.  Harrison, 


Included  in  Whitriggs. 
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Ainslie  and  Co.,  and  the  Askham,  Lindal  Moor  and  Daltou 
Mines  of  the  Fumess  Iron  and  Steel  Company,  produced  ore  in 
the  following  quantities  since  the  year  1872  :  — 


Year. 

Askham. 

Lindal  Moor. 

Dalton. 

RoanhoAci,  &c. 

Lindal  Moor. 

Tuiiii. 

Tons. 

Tons. 

Tons. 

Tons. 

1872 

5,718 

4,407 

•  •  • 

170,769 

158,341 

1^73 

25,881 

45,005 

t  ■  • 

199,017 

153,138 

1874 

23,679 

32,749 

29,154 

187,455 

160,474 

1875 

16,571 

8,138 

8,616 

131,210 

167,049 

1876 

11,215 

13,276 

5,334 

129,508 

193,040 

1877 

10,050 

10,787 

13,996 

134,670 

219,812 

1878 

10,154 

12,346 

28,406 

134,464 

224,389 

1879 

8,795 

15,368 

47,315 

138,452 

225,827 

1880 

2,303 

16,031 

45,468 

113,551 

257,696 

The  average  prices  in  1879  from  these  mines  varied  from  10«. 
to  158.  6d.  per  ton,  and  in  1880  about  18a.  6d.  per  ton. 

Distribution  of  tho  Ore. — ^Except  some  inconsiderable  quan- 
tities of  ore  carried  in  a  few  localities  to  the  ironworks  by  road, 
the  great  bulk  of  the  ore  is' distributed  by  the  Furness  Bailway, 
either  to  Barrow  for  shipment  to  other  ports,  or  by  rail  to  York- 
shire, Staffordshire,  &c.,  and  to  the  ironworks  of  the  county. 

The  earliest  return  published  for  the  year  1855  gives  Uie  an- 
nexed account  of  the  distribution  of  ore  in  that  year : — 

DISTJUBUnON  OF  IHB  ORK.  QUARTITIB8. 

Tons. 

Shipped  at  Banow 313,797 

toSootland 1,470 

,,       for  Yorkshire,  &c 1,500 

By  rail  to  Yorkshire,  Stafifordshire,  and  Wales             .    .  17,711 

Consumed  in  district 2,351 

Total  production  in  1855       ....    336,829 


Lancashire,  with  her  valuable  resources  of  rich  red  haematite, 
was  not  destined  to  remain  a  repository  only  for  the  supply  of  other 
districts ;  as  time  rolled  on  a  remarkable  development  took  place, 
and  in  due  course  some  of  the  best  arranged  smelting  works  were 
established,  and  a  great  industry  was  created,  absorbing  in  1880 
nearly  three-fourths  of  all  the  ore  raised.  This  will  appear  in  the 
annexed  table,  showing  the  respective  quantities  sent  by  ship,  rail, 
and  to  the  iron  furnaces  of  the  district  in  each  of  the  years  since 
1856,  by  the  Fumess  Railway:— 
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Year. 

By  Ship. 

Tonii. 

1856 

461,303 

1857 

574,952 

1858 

367,568 

1859 

305,136 

1860 

259,477 

1863 

238,882 

1866 

163,725 

1869 

96,322 

1871 

74,732 

1873 

73,164 

1875 

63,926 

1876 

65,423 

1877 

42,657 

1878 

26,356 

1879 

30,981 

1880 

50,557 

By  Rail. 

To  Funiaces. 

Total. 

Tons. 

Tons. 

Tons. 

■  «  ■ 

3,550 

464,853 

14,729 

2,709   ; 

592,390 

69,028 

1,950 

438,456 

130,896 

9,014 

445,046 

181,712 

79,640 

520,829 

205,701 

204,059 

658,642 

188,701 

333,300 

685,726 

177,630 

510,555 

784,507 

253,478 

602,838 

931,048 

239,669 

662;993   1 

975,826 

118,459 
105,677 

97,767 
120,737 

95,200 
139,328 


628,230 
662,566 
762,412 
733,387 
787,745 
939,858 


810,615 
833,666 
902,836 
879.480 
913,926 
1,129,743 


The  following  account  gives  the  details  of  the  distribution  of 
the  ore  by  rail  and  ship  in  the  year  1880 : — 

TONS.  TONS. 

5Afj)ped  a^  Barrow  to  South  Wales     ....  12,102 

Lancashire,  North  Wales,  &c. .  20,552 

„                Scotland 16,542 

,,               Foreign  Parts      .        .        .     .  1,361 

50,557 

Shipped  cUJJlyentone  Ca,nal 

By  rail  to  Lancashire,  Yorkshire  and  Staffordshire  .     139,328 

,,        furnaces  in  district 939,858 

1,079,186 

Total  hy  sea  and  rail 1,129,743 


Beyond  the  above  quantities,  186,760  tons  of  ore  were  conveyed 
to  the  ironworks  by  road,  compared  with  62,896  tons  in  1879. 

Examining  the  quantities  appearing  under  the  respective  heads 
in  the  above  table,  some  interesting  facts  appear,  deserving  of 
attention.  Already  the  increased  consumption  of  the  blast  fur- 
naces has  been  referred  to :  a  glance  at  the  quantities  carried  to 
the  shipping  ports  and  sent  coastwise  to  distant  iron  districts, 
shows  a  remarkable  decline  from  674,952  tons  in  the  year  1857 
to  25,856  tons  in  the  year  1878.  The  quantities  sent  out  of  the 
district  by  rail  on  the  other  hand  has  not  varied  to  any  great 
extent  since  the  year  1859,  except  between  the  years  1871  and 
1878,  which  will  ever  be  remembered  in  the  history  of  the  coal 
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and  iron  industries  as  a  time  of  great  prosperity ;  thus,  in  1859 
the  ore  sent  out  of  the. district  reached  180,896  tons,  compared 
with  253,478  tons  in  the  year  1871,  and  233,238  tons  in  the  year 
1872,  since  which  the  quantities  sent  away  show  little  variation. 

The  diminished  export  of  ore  from  the  Furness  deposits  to 
other  districts,  where  it  was  in  great  request,  has  been  to  some 
extent  accounted  for  by  the  additional  imports  from  foreign 
countries,  particularly  from  Spain,  amounting  in  the  year  1880  to 
2,278,962  tons,  of  the  value  of  ^^2,270,462,  giving  an  average  of 
20s.  per  ton ;  the  total  imports  of  iron  ore  the  same  year  being 
2,632,601  tons  of  the  value  of  £2,789,929. 

Examining  the  distribution  of  the  Furness  ore,  the  following 
figures  for  a  few  years  will  show  the  falling  off  to  those  districts 
formerly  receiving  it  in  considerable  quantities  by  both  sea  and 
rail: — 


Destinntiuu. 


1868. 


1873. 


By  Sea, 
South  Wales  . 
Lancashii'e  and  North ) 
Wales    ...     5 
Scotland 
.  Foreign  Parts    .         .     . 

By  Bail, 
I  Lancashire,  Yorkshire, ) 

CKC      ■  •  •  ,   J 

Scotland  .         .     . 

Newcastle,  Stockton,  &c. 

Total    .     . 


Tons. 

78,338 

47,339 

4,365 
130 

82,978 

350 
48,057 


Tons. 

50,777 

18,194 

4,138 

00 

198,911 

2,937 
37,821 


r 

1878. 

1880. 

Tons. 

11,750 

Tons. 
12,102 

7,098 

20,552 

5,731 

777 

16,642 
1,361 

120,737 

139,328 

•  •  • 

•  •  • 

•  •  ■ 

261,657     I    312,823        146,093     I    189,885 


Becent  explorations  of  the  iron  ore  deposits  of  Furness  have 
disclosed  some  interesting  facts,  showing  that  they  are  far  more 
important  and  extensive  than  was  formerly  considered.  The 
Mouzell  Mine,  near  Dalton-in-Fumess,  was  surrendered  to  the 
owner  in  December,  1877,  by  the  Barrow  Haematite  Iron  and 
Steel  Company.  Subsequent  explorations,  conducted  by  the 
manager  for  the  owner,  have  resulted  in  the  discovery  of  an  exten- 
sive basin  at  least  70  yards  in  length,  and  varying  in  width  from 
30  to  40  yards,  and  in  depth  from  20  to  SO  yards. 

The  mines,  situation,  proprietors  or  companies  and  chief 
agents,  now  in  operation  in  Lancashire,  are  as  follows : — 


CHAP,  v.] 


LANCASHIRE   IRON   INDUSTRIES. 


447 


No. 


2 
3 
4 

6 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 

17 

18 

19 
20 
21 
22 

23 

24 

25 

26 

27 
28 
29 

30 
31 


Name  of  Mine. 


Askam . 

Crossgates 
Dalton  . 
Lindal  Moor 
Martin  . 
Goldinire  . 
Pennington  . 
Pliuupton . 
Thwaite  Flatt 

Stainton    . 


Newton 
Park. 
Old  Hills 
Whitriggs . 
Pennington 
Urewick    . 

Stank   . 

Stainton   . 

Bercnrae 
Mouxell 
Dalton  . 
Klliscales  . 
( Lindal  Cote,  Eure 
(  Pits  and  CrosMgates 
Lindal  Moor 
(OUbrow  and  Whii- 


Highfield 

Longlands 
Roanhead  and  Askara 
Urawick 

lindal  and  Oasby 
Yarlside 


Situation. 


Askam-in-Fumess 
Near  Dalton 


Ulverston 
tf 

>» 
>> 

Dalton 


>» 
»» 

Lindal 
Dalton 


UlvetHton 
Dalton 

»> 

„      ,  offices  Ulver 
ston  . 


} 


ti 


Dalton 

»»       •       • 

Ulverston     . 
Little  Urswick . 

Dalton  . 


Name  of  Proprietor 
or  Company. 


*Funies3     Iron     and 
Steel  Co.,  Limited 


i» 

(( 
.1 
»• 
II 
11 


Barrow  Hiematite 
Steel  Co.,  Limited 


it 
i» 


Parkside  Mining  Co. 


It 


I 


Barrow  Heeniatite 

Steel  Co.,  Limited 
Tlie  Stainton  Mining 

Co.   . 
Rigg  &  Co. 
John  Clegg  . 
Myles  Kennedy 
Elliscales  Mining  Co. 
The  Ulverston  Mining 

Co.,  Limited 
Harrison,  Alnslie,  &  Co 

rCumberland  Iron 
<  Mining  and  Smelt- 
(.  ing  Co.,  Limited  . 
Duke  of  Buccleuch .  . 
Kennedy  Brothers 
Begbie&Co.  .  .  . 
( Lindal     and     Ousby 

Iron  Ore  Co.,  Lim. . 
Thos.  Storey  and  Wm. 

Boulton  . 


Name  of  Manager 
or  AgeuL 


j  Henry  Mellon. 


»i 

II 

i» 

n 
11 
II 


William  Kellett. 


II 

11 


George  Scoular. 


n 


I  WUliam  KeUetL 

James      Garstang 

Brogden. 
Captain  Goldy. 
James  Ashworth. 
Miles  Kennedy. 
Joseph  Askew. 

I  J.  G.  Brogden. 

Edmimd  Ray. 


I 


>i 


Thomas  Ma8.sicks. 

Edward  Wadham. 
Myles  Kennedy. 
H.  D.  V.  Begbie. 

I  Hy.  Postlethwaite. 


t 


Wm.  Boulton. 


I 


Population  omployod  in  Zronstono  ICining. — The  earliest 
return  published  for  the  year  1878  shows  that  of  8,222  persons 
employed  in  Lancashire  in  the  Haematite  Iron  Mines  1,890  were 
employed  underground,  and  1,882  above  ground,  producing 
862,064  tons  of  iron  ore.  These  returns  refer  only  to  those 
mines  under  the  operation  of  the  '^  Metalliferous  Mines  Begula- 
tion  Act,  1872  ; "  the  total  iron  ore  produced  in  Lancashire  in  the 
same  year  was  928,174  tons,  the  difference,  76,110  tons,  being 
the  output  of  mines  not  coming  under  the  operation  of  the  above- 
named  Act. 

The  annexed  table,  constructed  from  the  Annual  Beports  of 
H.M.  Inspectors  of  Mines,  gives  the  total  numbers  of  persons 
employed  under  ground  and  above  ground  in  each  of  the  years, 
with  the  total  output  and  average  produce  per  man : — 


In  liquidation. 
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Year. 

PEBS02C9  EXPLOYZD. 

Total 
Employed. 

u. 

Iron  Ore 
Balaad. 

Average 
per  Man. 

Under 
Qround. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

1,890 
2,135 
1,812 
1,950 
2,061 
2,194 
2,008 
2,807 

1,332 
1,462 
1,275 
1,247 
1,162 
1,121 
1,140 
1,426 

1 
3,222 
3,597 
3,087 
3,197 
3,223 
3,315 
3,148 
4,233 

Tons. 

852,064 
934,234 
882,840 
858,894 
913,060 
906,994 
979,659 
1,188,543 

Ti>us. 
264 
260 
286 
268 
283 
273 
311 
280 

The  steady  working  of  the  ironstone  miner  is  apparent  in 
these  returns,  showing  an  increase  in  the  eight  years  of  16  tons 
per  man,  equivalent  to  7  per  cent. 

Fig  Iron  Xanvfiustiire. — As  far  back  as  the  year  1788  evi- 
dence appears  of  the  existence  of  small  furnaces  in  Lancashire, 
where  iron  ore  was  smelted  with  the  aid  of  charcoal ;  these  were 
situated  and  known  as  the  Newland,  Backbarrow,  and  Leighton 
furnaces,  and  their  production  is  recorded  in  the  year  named  as 
2,100  tons,  or  700  tons  per  furnace.  Another  return  for  the 
year  1796  records  the  make  of  the  two  first  named  as  700  tons, 
and  the  Leighton  furnace  as  780  tons,  or  an  aggregate  for  that 
year  of  2,180  tons,  being  an  increase  of  80  tons  in  six  years. 

The  total  make  of  pig  iron  in  1788  was  of  charcoal  pig  iron 
18,100  tons,  and  of  coke  pig  iron  48,200  tons,  giving  an  aggre- 
gate of  61,300  tons  to  England  and  Wales ;  and  a  further  sum  of 
7,000  tons  to  Scotland,  of  which  1,400  tons  were  charcoal  pig 
and  5,600  tons  coke  pig  iron,  making  in  all  68,300  tons.  Again, 
in  1796,  according  to  the  return  prepared  by  Dr.  Macnab  and 
presented  to  a  committee  of  the  House  of  Commons,  the  details 
of  which  return  will  be  found  in  another  page,  the  total  make  of 
the  furnaces  of  Great  Britain  amounted  to  125,079  tons,  of  which 
3,780  tons  were  charcoal  pig  and  121,299  tons  coke  pig  iron. 

In  1806  the  Leighton  furnace  was  alone  in  operation ;  as  far 
as  can  be  ascertained  the  make  of  pig  iron  for  that  year  was  780 
tons,  as  in  the  year  1796.  Some  years  later  Mr.  David  Mushet 
ascertained  that  the  quantity  of  charcoal  iron  made  in  Lancashire 
did  not  exceed  800  tons ;  this  was  about  the  y^ar  1839,  the 
works  producing  this  quantity  being  those  at  Newland  and  at 
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Backbarrowy  as  previously  stated,  of  Messrs.  Harrison,  Ainslie^ 
and  Co.,  the  firm  having  others  at  Duddon  in  Cumberland,  at 
Lorn  near  Bnnawe  in  Argyleshire  and  at  Warsash  in  Hampshire ; 
these  furnaces  still  exist,  though  only  in  operation  at  intervals, 
and  are  the  only  remaining  charcoal  furnaces  in  Great  Britain. 
The  firm  above-named  was,  until  the  year  1858,  the  only  one 
in  Lancashire  making  pig  iron;  it  was  in  that  year  that  the 
Wigan  Coal  and  Iron  Company,  at  their  works  at  Kirkless  HaU, 
Ince,  near  Wigan,  put  two  furnaces  in  blast,  the  make  of  pig 
iron  in  Lancashire  at  this  period  was  2,840  tons,  which  includes 
the  charcoal  iron  made  at  the  furnaces  of  Messrs.  Harrison, 
Ainslie,  and  Co.  The  Messrs.  Schneider  and  Hannay,  in  the 
year  1859,  at  their  works  at  Barrow  put  three  furnaces  in 
blast,  increasing  the  number  in  the  county  to  seven,  the  aggre- 
gate make  of  which  in  the  same  year  amounted  to  26,491  tons. 
Advancing  to  the  year  1860  the  Wigan  Company  put  another 
furnace  in  blast,  making  10  built  in  the  county,  of  which  eight 
were  in  operation,  producing  81,250  tons  of  coke  and  charcoal 
pig  iron.  About  this  time  other  works  already  projected  com- 
menced ;  the  Camforth  Hematite  Iron  Company  in  the  year  1866 
blew  in  two  furnaces ;  the  Ditton  Brook  Company  three  in  the 
year  1868 ;  and  the  Fumess  Iron  and  Steel  Company  the  same 
number  in  the  year  1871. 

The  Darwen  Iron  Company  commenced  operations  in  the  year 
1874  with  two  furnaces;  and  the  Outwood  Iron  Company  at 
Outwood,  near  Batcliffe,  with  one  furnace  the  same  year ;  while 
in  the  year  1875  the  North  Lonsdale  Hematite  Iron  Company 
added  two  furnaces  to  the  district,  bringing  the  total  number  of 
those  erected  up  to  50,  of  which  81  were  in  blast. 

Betuming  to  the  production  of  charcoal  pig  iron  in  Lanca- 
shire, an  occasional  return  is  met  with  showing  the  quantities 
made.  In  the  year  1857  the  works  at  Newland  and  Backbarrow 
produced  1,288  tons ;  in  1859  the  same  works  produced  720  tons. 
The  make  of  these  furnaces  since  that  date  is  included  in  the 
yield  of  the  Lancashire  furnaces,  but  it  is  estimated  that  the 
make  of  charcoal  pig  iron  in  Lancashire  is  not  less  than  1,400  or 
1,600  tons  per  annum. 

Since  the  year  1860  the  number  of  furnaces  built,  and  in  blast, 
the  pig  iron  made,  and  the  average  yield  of  the  furnaces  have 
been  as  follows : — 


450 


COAL  AND  IRON  INDUSTRIES. 


[part    II. 


FTRNACES. 

Year. 

Pig  Inm 
made. 

Arenge  por 
Furnace. 

Built 

In  Blast 

No. 

No. 

Tons. 

Tons. 

1860 

10 

8 

81,250 

10,156 

1861 

12 

10 

109,377 

10,937 

1862 

14 

11 

138,563 

12,597 

1863 

17 

lU 

164,110 

14,270 

1864 

17 

13i 

195,460 

14,478 

I860 

24 

16| 

204,925 

12,420 

1866 

25 

19 

268,680 

14,141 

1867 

25 

19 

318,801 

16,780 

1868 

1       28 

224 

325,367 

14,460 

1869 

'       30 

27 

436,662 

16,173 

1870 

1       33 

1       27 

422,728 

15,656 

1871 

'       41 

i       34 

1        520,359 

15,300 

A  brief  description  of  the  Barrow  Hematite  Works  and  of  the 
Kirkless  Hall  Works  will  indicate  the  magnitade  and  extent  of  these 
important  metallurgical  establishments.*  ''  At  the  works  of  the 
Barrow  Hematite  Steel  Company  there  are  altogether  16  blast 
furnaces,  14  of  which  are  built  in  a  single  row,  while  the  remain- 
ing two  are  distant  about  half  a  mile.  The  weekly  production  of 
the  blast  furnaces  averages  6,500  to  6,000  tons ;  but  it  is  always 
calculated  that  two  or  three  furnaces  are  out  for  alteration  or 
repairs."  The  average  height  of  the  furnaces  is  about  68  feet, 
some  of  them  being  62  feet  and  others  65  feet  high.  The  first 
furnaces,  built  in  1859,  were  only  45  feet  high ;  but  these  furnaces 
have  recently  been  raised  to  62  feet.  The  average  consumption 
of  fuel  is  one  ton  of  coke  per  ton  of  pig  iron  made.  The 
ore,  which  is  obtained  at  the  Company's  own  Mines,  near 
Ulverston,  averages  60  per  cent,  of  metal.  The  consumption  of 
limestone  is  about  9  cwts.  per  ton  of  iron  made.  The  blast  is 
heated  to  a  temperature  of  900''  to  1,100**,  according  to  the 
quality  of  the  iron  required.  Each  furnace  is  fitted  with  six 
tuyeres,  the  diameter  of  the  nozzles  being  8^  inches  to  4  inches. 
The  larger  furnaces  have  a  bosh  of  20  feet  diameter,  and  the 
smaller  ones  a  bosh  of  19  feet.  The  blast  is  partly  heated  by 
Cowper's  and  partly  by  Gjers's  stoves.  The  engines  that  blow 
the  blast  are  a  remarkable  feature  of  the  ironworks.  There  are 
three  beam  and  18  grasshopper  engines.  Of  the  latter  kind,  not 
less  than  10  are  in  one  engine-house,  which  is  said  to  be  the 
largest  engine-house  in  the  world.    With  the  exception  of  the 

*  «  Journal  of  the  Iron  and  Steel  Institute,"  1874,  p.  r.  appendix. 


CHAP,  v.]  LANCASHIRE   IRON   INDUSTRIES.  451 

buildings  that  contain  the  beam  engines  all  the  engine-houses 
are  built  parallel  with  the  blast  furnaces  on  the  contrary  side 
from.the  pig  iron  beds.  The  beam  engines  have  double-acting  high- 
pressure  steam  cylinders,  48  inches  diameter  and  9  feet  stroke, 
the  blowing  cylinder  being  72  inches  diameter.  -  The  hoists  are 
inclined  planes,  and  are  worked  by  special  engines,  there  being  a 
separate  engine  for  each  of  the  six  inclines  that  are  attached  to 
the  14  furnaces.  The  hoist  engines  are  of  the  ordinary  reversing 
kind,  worked  by  frictional  gearing.  The  drum  is  12  feet 
diameter,  and  the  cylinders  of  the  engmes  are  16  inches,  with 
two  feet  length  of  stroke.  Most  of  the  engines  have  been  made 
by  Perry  and  Sons,  of  Bilston.  All  the  furnaces  are  fitted  up 
with  the  apparatus  for  the  utilization  of  the  waste  gases,  which 
are  sufficient  to  supply  all  the  heaters  and  boilers  without  any 
other  fuel.  The  blast  furnaces  are  distant  about  200  yards  from 
the  steel  works,  the  intervening  space  being  occupied  by  sidings 
and  filling  sheds,  and  a  spacious  cast-iron  bridge,  spanning  the 
whole  of  these  sidings,  connects  the  one  department  witli  the 
other.  The  steel  works  are  in  three  large  bays  or  roofs,  each  700 
feet  in  length.  The  pig  iron  on  being  brought  from  the  blast 
furnaces  is  stored  here  in  rather  a  peculiar  manner;  the  first 
cast  of  the  week  is  put  down  in  a  row  of  perhaps  150  to  200 
yards  in  length,  and  the  next  day's  cast  is  placed  on  the  top  of 
the  first  day's,  and  so  on  to  the  end  of  the  week,  when  the  pigs 
are  cleared  from  top  to  bottom  of  the  heap,  thus  giving  a  week's 
average  of  the  iron,  and  preserving  a  uniform  consistency  and 
quality  of  steel. 

"  The  productive  capacity  of  the  steel  works  is  8,500  tons  per 
week.  Bails  constitute  the  principal  branch  of  manufacture, 
there  being  three  large  rail  mills,  one  plate  mill,  and  one  smaller 
mill  for  merchant  steel.  There  are  18  convertors  at  work,  and 
12  steam  hammers  made  by  John  Musgrave  and  Sons,  of  Bolton. 
One  of  the  rail  mills  is  driven  by  a  Bamsbottom  reversing  engine. 
The  other  rail  mills  are  on  the  three-high  principle,  and  are 
worked  by  beam  engines,  supplied  by  Hick,  of  Bolton,  while  an 
ordinary  horizontal  engine,  with  a  40  inch  cylinder,  works  the 
merchant  mill.  The  total  engine  power  of  the  works  is  equal  to 
4,000  horse  power.  Most  of  the  boilers  are  of  the  ordinary 
Cornish  pattern,  but  there  are  also  18  of  Howard's  patent  boilers 
fired  by  "Yickers'  mechanical  appliance."  It  has  been  estimated 
that  the  Barrow  furnaces  produce  upwards  of  a  quarter  of  a 
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million  tons  of  pig  iron  annually  with  a  consumption  of  upwards 
of  870,000  tons  of  coal,  and  470,000  tons  of  hematite. 

"  The  Ironworks  of  the  Wigan  Coal  and  Iron  Company  at 
Kirkless  consist  of  10  blast  furnaces,  5  being  65  feet  high,  and  5 
80  feet  high.  Two  of  these  latter  are  of  recent  construction,  and 
are  built  upon  the  most  improved  principle.  The  furnaces  have 
closed  tops,  and  the  gas  is  conveyed  by  a  tube  8  feet  in 
diameter  to  18  double-flued  boilers,  28  feet  long  and  7  feet  6 
inches  in  diameter,  which  stand  opposite  the  engine-house.  The 
Wigan  Company  manufacture  their  own  coke  from  the  slack 
raised  from  their  pits.  At  present  there  are  460  coke  ovens, 
but  the  number  is  insufficient  to  supply  the  requirements  of  the 
furnaces.  For  some  time  past  the  slack  after  being  washed  has 
been  crushed,  which  makes  the  coke  much  harder  than  formerly, 
and  enables  the  furnaces  to  turn  out  more  iron  than  under  the 
old  system.  The  crushing  machines  are  of  special  construction, 
and  were  designed  b}^  the  coke  works  manager.  They  are  simple 
in  design,  and  do  their  work  regularly  and  efficiently.  The 
works  have  ample  waterway  and  railway  accommodation.  The 
canal  immediately  adjoins  the  works  on  one  side,  and  they  are 
also  connected  by  private  railways  with  the  London  and  North- 
western and  Lancashire  and  Yorkshire  Railways.  The  ore  is 
brought  in  the  railway  waggons  and  emptied  into  bunkers 
running  the  whole  length  of  the  furnaces.  The  ore  is  taken 
from  the  bunkers  in  barrows,  and  with  the  coke  and  other 
materials  used  in  the  manufacture  of  iron  is  hoisted  to  the  top  of 
the  fmrnaces  by  fom'  vertical  engines.  About  400  men  are 
employed  at  the  furnaces,  which  manufacture  four  special  brands, 
viz.,  the  Kirkless  foundry  and  forge,  and  the  hematite  and  mes- 
selmoun  brands.  The  engine-house  stands  at  the  end  of  the 
row  of  blast  furnaces  and  is  100  feet  long,  56  feet  wide,  and 
70  feet  high,  with  a  tower  100  feet  high.  There  are  three  pairs 
of  compound  engines,  the  high  pressure  cylinders  being  placed 
on  one  side  of  the  building  and  the  low  pressure  on  the  other, 
each  pair  being  connected  by  a  86  foot  beam.  The  high  pressure 
cylinders  are  45  inches,  and  the  low  pressure  66  inches  in 
diameter,  with  a  12  foot  stroke.  The  blowing  cylinders,  of  which 
there  are  six,  are  each  100  inches  in  diameter.  The  steam 
pressure  is  45  lbs.,  and  the  blast  8  lbs. 

"  The  Wigan  Coal  and  Iron  Company  have  produced  as  much 
as  2,500,000  tons  of  coal  and  150,000  tons  of  pig  iron  per  annum. 
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The  seams  worked  by  the  company  include  one  of  Cannel  Coal,  and 
also  the  well  known  Hartley  Mine,  and  other  portions  of  the  Lan- 
cashire coal  beds.  The  coking  coal  obtained  from  this  district 
contains  a  certain  percentage  of  sulphur,  which  if  not  removed  or 
greatly  reduced  would  render  the  coke  unfit  for  producing  the  best 
marks  of  Bessemer  pig,  which  forms  the  staple  product  of  the 
company,  and  this  has  led  to  the  extensive  employment  of  coal 
washing  machinery  as  already  mentioned.  The  coal,  after  being 
crushed  by  crushing  rollers,  is  lifted  by  elevators,  and  delivered 
into  washing  chambers  or  bashes,  in  each  of  which  the  water 
is  made  to  rise  and  fall  rapidly  by  the  action  of  a  piston  working 
in  a  cylinder  connected  with  the  chamber,  this  piston  being  86 
inches  in  diameter,  and  making  150  strokes  per  minute.  The 
length  of  stroke  is  3^  inches.  The  coal  rests  on  perforated 
copper  sieves,  and  by  the  pulsating  action  of  the  water  the  good 
coal  is  washed  over  the  edges  of  the  sieves,  while  the  pyrites 
being  heavier,  remain  in  the  latter,  and  are  removed  at  suitable 
inten^als.  The  loss  by  washing  is  about  10  per  cent.,  and  the 
washed  conl  is  coked  in  eight  ton  ovens,  the  coking  process 
occupying  five  days.  The  iron  oj-e  used  consists  principally  of 
the  well  known  red  hematite  of  the  Ulverstone  district,  but  a  per- 
centage of  argillaceous  Belfast  ore  is  also  employed  for  the  purpose 
of  bringing  some  alumina  into  the  charge,  thus  forming  a  fiux. 
Limestone  is  also  added,  the  proportion  of  this  latter  material 
used  when  making  Bessemer  iron  being  very  considerable.'' 

Resuming  with  the  production  of  pig  iron  in  Lancashire  the 
following  shows  the  results  attained  since  the  year  1871 ;— 


\*i*ll1* 

PUKXACes. 

Pig  Iron 
umde. 

Average  per 
Funiacw. 

Built 

In  Bliut 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

No. 

41 

44 

47 

50 

50 

50 

50 

49 

49 

No. 

34j 

36 

33 

31 

30 

33 

30 

36 

37 

TOUH. 

524,041 
529,271 
488,672 
558,780 
552,984 
684,189 
616,255 
631,343 
750,884 

Tons. 
15,080 
14,702 
15,800 
18,025 
18,432 
20,733 
20,542 
♦17,537 
20,294 

*  Tlic  falling  off  in  the  average  yield  of  the  famaces  in  1879  is  due  to  the  fact 
that  six  of  the  furnaces  were  onlj  in  blast  for  a  few  months. 
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The  furnaces  of  Lancashire  work  witli  great  regularity,  and 
when  fully  employed  produce  from  400  to  460  tons  of  iron 
weekly,  of  a  quality  suitable  for  conversion  into  steel  by  the 
Bessemer  process.  A  glance  at  the  returns  of  the  past  few  years 
confirms  the  above  statement.  The  following  details  illustrate 
clearly  the  proportion  of  the  several  parts  of  a  furnace  of  the 
Fumess  Iron  and  Steel  company  at  Askham,  67  feet  in  height, 
the  capacity  of  which  is  13,100  cubic  feet : — 

DB80RIPTION.  DIMEKSZ0H9. 

Heigh'ii  of  fomace 67  ft. 

Diameter  at  boshes 19  ,, 

„          throat 18   ,, 

,,         hearth         .......  7  n 

Heating  surface 5,500  sq.  ft. ' 

Number  of  tuyeres 6 

Area  of  blast  inlet 76  so.  in. 

Pressure  of  blast  at  engine 2}  lbs. 

M           ,»          tuyeres 3     „ 

Area  of  gas  inlet 18  sq.ft. 

Diameter  of  char^g  bell  12  ft.  6  in. 

Weekly  make  of  m)n 400  to  460  tons. 

The  works  and  furnaces  built  and  in  operation  in  the  year 
1880  were  as  follows : — 

Lancashire. 


No. 


1 
2 

3 

4 
6 
6 
7 
8 

0 

10 


Nonie  of  Works. 


Barrow  Hematite  Iron  &  Steel 

Camforth        .        .        .        | 

Barwen 

Bitten  Brook,  WidneB 
Askam,  Askam-in-FumesB  .    . 
KirkleBS  Hall,  Ince . 
Newland  Ulrerston  .     ) 

Backbarrow,    „       .        .        j 

North  Lonsdale,  Ulvcrston  .     | 

Outwood,  fiatcliffc   . 


Onrnern. 


I 


Barrow  Hematite  Steel  Co.,Lun. 
Camforth  Hematite  Iron  Co., 

limited       .... 
Darwen  Iron  Co.,  Limited  . 
Ditton  Brook  Iron  Co.,  Limited 
Fumeu  Iron  &  Steel  Co.,  lim. 
Wigan  Coal  &  Iron  Co.,  lim. 

Harrison,  Ainslie,  &  Co. 

North  Lonsdale  Iron  and  Steel ) 
Co.,  limited        .        .        .     j 
Outwood  Iron  Co.,  Lim. 

Total  of  Lancashire        .    . 


FVRNACE8. 

BnUt. 

In 
Blast. 

14 

13 

6 

4 

2 
6 
4 

10 

2 
3 

I' 

2 

u 

4 

s 

1 

1 

49 

37 

Kills  and  ForgM,  and  Steel  Works. — ^In  the  year  1873  there 
were  in  Lancashire  28  malleable  and  six  steel  works>  these  latter 
making  steel  by  the  Bessemer  process;  the  resom*ces  of  the 
above  28  works  numbered  850  puddling  furnaces  and  81  rolling 


CHAP,  v.]  LAKCASHIRE  IBON  INDUSTRIES.  455 

mills,  the  Bessemer  plant  amounting  to  42  convei'tors  of  a  united 
capacity  equal  to  228  tons,  the  annual  consumption  in  all  the 
above  works  in  the  year  1878  being  estimated  from  reliable 
som*ces  as  880,000  tons  of  coal.  Already  a  brief  account  in  a 
previous  page  described  the  Barrow  Iron  and  Steel  Works,  the 
next  most  extensive  steel  works  in  the  district  are  those  of  the 
Mersey  Steel  and  Iron  Company,^  ''  situated  near  Liverpool,  and 
covering  an  area  of  about  eleven  acres.  These  works  comprise 
a  plant  of  five  pairs  of  six  ton  convertors,  three  pairs  being 
arranged  m  one  group,  the  other  two  pairs,  each  pair  being 
placed  by  itself.  Formerly  the  Mersey  Steel  and  Iron  Company 
were  liu*ge  steel  manufacturers,  and  they  were  extensively 
engaged  in  the  production  of  jiuddled  steel  prior  to  the  develop- 
ment of  the  Bessemer  process.  For  the  past  two  years  or  so, 
however,  they  have  discontinued  the  manufacture  of  steel  rails, 
and  their  Bessemer  plant  has  only  been  occasionally  worked 
for  the  manufacture  of  the  steel  used  for  making  the  bars  they 
are  now  using  in  the  production  of  steel  forgings." 

*'  The  ingot  moulds  used  are  all  close-topped,  and  run  from  the 
bottom  in  gi-oups,  generally  eight  in  a  group.  The  central  git 
used  is  of  small  diameter  and  is  higher  than  the  tops  of  the  sur- 
rounding ingot  moulds.  The  blowing  engines  connected  with 
the  Bessemer  plant  are  contained  in  twp  engine-houses,  one 
large  engine-house  adjoining  the  group  of  three  pairs  of  con- 
vertors containing  a  pah'  of  horizontal  blowing  engines  by 
Messrs.  Bothwell  and  Co.,  of  Bolton,  and  also  the  engines 
for  supplying  water  to  the  hydraulic  cranes,  &c.,  and  three 
smaller  blowing  engines.  In  the  other  engine-house  connected 
with  the  Bessemer  department  of  the  works,  there  is  a  pair  of 
horizontal  engines  made  by  Galloways,  of  Manchester,  which 
have  piston  valves  on  the  blowing  cylinders.  To  enable  any 
pair  of  convertors  to  be  blown  from  either  engine,  the  air  ways 
of  the  two  engine-houses  are  connected." 

**  In  the  mill  department  there  is  a  three  high  coggmg-mill,  a 
two  high  reversing  rail  mill  used  for  bars,  angles,  and  bull- 
headed  rails.  A  new  forge  is  now,  however,  in  course  of  con- 
struction, to  which  the  latter  will  be  ultimately  removed,  and 
where  also  a  three  high  cogging  mill,  driven  by  a  pair  of  hori- 
zontal engines,  and  a  two  high  reversing  train  driven  by  a  pair  of 

*  *'  Journal  of  the  Iron  and  Steel  Institute,"  1879,  p.  621. 
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vertical  reversing  engines^  have  been  fitted  up.  Adjoining  the 
forge  are  two  machine  shops,  separated  by  the  offices  which 
stand  between  them — the  one  containing  a  good  heavy  plant  of 
tools  adapted  for  sharpening  large  forgings,  such  as  stem  posts, 
&c. — and  includes  an  exceptionally  large  planing  machine  with 
two  tables,  which  can  either  be  run  together  or  separately.  The 
other  machine  shop  is  specially  laid  out  for  dealing  with  large 
crank  shafts  and  contains  an  excellent  plant  for  this  purpose, 
including  large  lathes,  and  one  of  Messrs.  Craven  Brothers' 
crank  pin  turning  lathes,  in  which  the  shaft  to  be  turned  is 
stationary,  the  tool  being  carried  round  it.  The  whole  shop  is 
commanded  by  a  fine  travelling  crane  worked  by  a  fast  running 
rope.  In  this  division  of  the  works,  besides  the  forge  and 
machine  shops,  there  is  a  range  of  Siemens  gas  producers  and  a 
group  of  nine  Lancashire  steam  boilers,  for  supplying  steam  to 
the  steam  hammers,  &c.  Passing  through  a  tunnel  another 
similar  group  of  boilers  is  reached,  these  being  adjacent  to  the 
engines  of  the  steel  works,  but  the  steam  pipes  being  connected, 
80  that  either  division  of  the  works  can  be  supplied  with  steam 
from  either  group  of  boilers*  The  following  is  a  list  of  the  steel 
works  employing  the  Bessemer  process  in  Lancashire,  distin- 
guishiQg  the  number  and  capacity  of  the  convertors  " :- 


Name  and  Situation  of  Works.                              Convert^™. 

CajMicity  of 
Couvertore. 

Cainforfch  Hematite  Trou  Co.,  Camforth     .     . 
Bolton  Iron  and  Steel  Co.,  Bolton    . 
MancheBter,  Sheffield,  and  Linoolnshire  Bail-  ) 

way  Co.,  Gorton  Works,  near  Manchester  .  ( 
Mersey  Steel  and  Iron  Works,  Toxteth  Park, ; 

Liverpool \ 

Manchester  Steel  and  Bailway  Plant  Co.,  Qib-  i 

raltar  Works,  Newton  Heath,  Manchester  . ) 
Barrow  Hematite  Steel  Co.,  Barrow 

2 

4 

4 
10 

4 

8 

Tons.  Cwts. 
6       0 
6       0 

3     10 
6       0 

3       0 

1       0 

A  careful  examination  of  the  quantity  of  fuel  consumed  in  the 
iron  and  steel  works  in  Lancashire  for  a  few  years,  gives  the  fol- 
lowing results.  These  figures  are  obtained  from  a  large  number 
of  returns  since  the  year  1871,  and  to  render  them  available  for 
comparison,  the  number  of  puddling  furnaces  and  rolling  mills  in 
operation  is  given  for  each  of  the  same  years : — 
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Year. 

PtuUlllng 
FumaeeD. 

Rolling 
Mills. 

Coal  Used. 

No. 

No. 

Tons. 

1873 

350 

81 

330,000 

1874 

376 

69 

348,000 

1875 

434 

69 

465,455 

1876 

421 

78 

380,000 

1877 

389 

77 

363,125 

1878 

285 

68 

376,193 

1879 

353 

82 

542,247 

1880 

373 

86 

599,740 

This  description  of  the  iron  industries  of  Lancashire  would  be 
incomplete  without  the  following  list  of  mills  and  forges  in  the 
year  1880,  which  brings  the  information  up  to  date ; — 

Lancashiiie. 


No.; 


1 
1 

3 


6 
7 

8 

9 

10 

11 
12 
18 
14 
15 

1<> 

17 

18 

19 
20 
21 

22 
23 

24 

25 


Name  of  Works. 

Atherton  Quay 
Albion,  Aflpuil 
Atlas  Forgo 

BaiTow 

Bew'iiey    . 

Dallam . 
Mosa  Side 

Bolton  . 

Bradford  . 

Carnforth 

Qarston   . 
Gidlow . 
Gibraltar . 
Glnlie    . 
Gortou     . 

Hartford  Forgv 

I  nee  Hall 

Blersey. 

Opeiishaw 
Park  Bridge . 
Pendleton 


{ 


{ 


i 


f  Persererance,  Pendle 
"(     ton  . 


■] 


Preston   . 

Wigan  Rolling  Mills  | 

Wliite  Cross     .       .  f 

Total  of  County  . 


Name  of  Finn. 


Monks,  Hall,  &  Co.,  Lliu. 
Kdward  Hale  . 
Tliomas  Waluisley  &  Son.H 
Barrow  Hematite    Steel 

Co.,  Limited    .        .    . 
Tlie  Pearson  and  Knowlea 

Cool  and  Iron  Co.,  Lim. 


Bolton  I  nui  and  Steel  Co. , 

Limited 
Riclid.      Johnson      and 

Ne]>liew  .  .  .  . 
Carnforth  Hematite  iron 

Co 

LivcrixM)!   and    Garston 

Steel  and  Imn  Co.  .     . 
Tliomas  Giillow 
Railway  Steel  and  Plant 

Co.,  Linnte<l    .        .    . 
John  SnmmerH 
M.  S.  and  Lincolnshire 

Railway  Co.  .  .  . 
Piatt    Brothers   &   Co., 

Limite<l 
Ince  Hall  Rolling  Mills 

Co.,  Limited  .  .  . 
Mersey   Steel    and   Iron 

Co.,  Limited 
Ash  bur)"  RailwayCarriage 

and  Iron  Co.,  Limitcnl. 
H.  Lees  &  Sons  .  .  . 
William    Bamingliam   & 

Co.,  Limited 
Maybury,  Marston,  and 

Shorpe     .  .    . 

Nortli  of  England  Rail- 
way Carriage  and  Iron 

The  Wigaii  RolUng  Mills 
Co.,  Limiteil    .        .    . 

White  Cross  Wire  and 
Iron  Co.,  Limited 


Nearest  Port  or 
Railway  Station. 


No.  of 
Puddling 
Furnaces. 


Warrington 
Wigan 
Bolton   . 

I  Ulverston 
I  Warrington 

Wigan   . 

>  Bolton     . 

>  Manchester 
j-  Canifoilh 

>  Gnrston 

Wigan 
) 
f 


Manchester 


Stalybridge 
>■  Manchester . 

I  Oldham  . 

{^Wig:in  . 

>  LiverjMK)! 

>■  Manchester . 
Ashton 


} 


Manchester 


}■  Pendleton 

•  Preston 

1  Wigan      . 
[  Warrington 


I 
J 


26 
2-J 
10 


121 


27 


0 


10 
1 

8 

24 

6 

22 
8 

O.) 

18 


12 
24 


.H73 


No.  of 

Rolling 

MilU. 


3 

3 

12 


14 


5 


4 
3 


3 
3 

3 

4 

G 

3 
3 
4 


3 
3 


84$ 
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Coal  and  Iron  Ore  used  in  Kann&etnre. — The  total  quantity 
of  pig  ii'on  made  in  the  furnaces  of  Lancashire  in  the  year  1872 
was  524,041  tons,  consuming  in  its  manufacture  911,869  tons  of 
coal  and  998,000  tons  of  ore  of  all  varieties.  Since  that  year  the 
following  quantites  show  approximately  the  consumption  of  coal 
and  iron  ore  in  the  manufacture  of  the  crude  metal : — 


Year. 

Pig  Iron. 

Ci>al  U8eil. 

Iron  Ore  Use^l. 

Tonj». 

Tons. 

Tons. 

1873 

529,271 

1,108,192 

1,020,000 

1874 

488,672 

930,849 

895,130 

1875 

558,780 

956,033 

1,040,000 

1876 

552,984 

991,377 

1,029,000 

1877 

684,189 

1,069,443 

1,250,400 

1878 

616,255 

1,044,114 

1,143,351 

1879 

631,343 

1,167,408 

1,144,155 

1880 

750,884 

1,362,154 

1,344,093 

An  analysis  of  the  above  return  for  the  year  1873  shows  the 
actual  quantity  of  coal  used  to  each  ton  of  pig  iron  made  as 
averaging  42  cwts.,  all  purposes  included;  this  quantity  is 
the  equivalent  of  the  coke,  which  is  alone  used  in  the  Lancashire 
furnaces,  where  great  economy  is  also  secured  in  the  utilization 
of  the  waste  gases.  Of  the  hematite  smelted  in  Lancashire  in 
the  same  year,  Lancashire  furnished  720,000  tons,  Cumberland 
128,960  tons,  foreign  ores  principally  from  Spain  and  Elba  47,881 
tons,  and  128,209  tons  made  up  of  Cornish,  Staffordshire  red  mine, 
the  aluminous  ores  of  Ireland,  forge  and  mill  cinder  from  the 
malleable  iron  works,  and  pmple  ore  from  the  metal  extraction 
works.  The  hematite  ore  was  in  the  proportion  of  about  82  cwts. 
and  of  the  other  ores  employed  7  cwts.,  in  all  89  cwts.  nearly  of 
all  kinds  of  ore  to  each  ton  of  pig  iron  made,  the  proportion  of 
coal  as  already  stated  being  about  42  cwts. 

In  the  following  statement  the  source  from  whence  the  ore 
employed  is  derived  appears,  showing  approximately  the  respec- 
tive  quantities : — 


Descnption  of  Ore. 


Hematite  (Local)  . 
Irish  Ore  . 
Foreign  Ores . 
Other  Ores,  &c. 

Total  . 


'       1870. 

1877. 

1 

TOHH. 

862,870 
25,000 
28,000 

112,530 

Tons. 

1,028,426 

39,804 

36,900 

165,270 

1,029,000 

1,250,400 

187S. 

187l». 

1880. 

Tons. 

946,351 
28,000 
35,000 

134,000 

Tons. 

965,580 
28,460 
24,538 

123,577 

Tons. 

1,226,163 

16,093 

34,669 

67,168 

1,143,351 

1,144,155 

1,344,093 
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The  hematite  includes  the  produce  of  both  Lancashire  and 
Cumberland,  the  average  produce  of  which  may  be  taken  as  from 
64  to  66  per  cent,  of  metallic  iron.  It  only  remains  to  be 
observed  that  in  recent  years  the  quantity  of  ore  employed, 
of  all  kinds,  has  not  exceeded  87  cwts.  to  each  ton  of  pig  iron 
made*  In  the  consumption  of  coal  a  marked  economy  appears 
in  Lancashire ;  thus  while  in  the  year  1873  the  average  of  coal 
used  was  42  cwts.,  the  returns  for  the  years  1879  and  1880  show 
the  average  as  not  exceeding  87  cwts.  and  86  cwts.  of  coal 
respectively  to  each  ton  of  pig  iron  made  in  those  years. 

In  some  districts  a  far  greater  quantity  is  used,  notably  in 
those  where  cold  blast  iron  is  made,  as  in  the  West  Riding  of 
Yorkshire,  where,  in  the  year  1878,  the  average  was  66  cwts.» 
and  in  Scotland  where  raw  uncoked  coal  is  chiefly  employed, — 
though  not  to  such  an  extent  as  formerly, — 49^  cwts.  appear  as 
the  average,  while  in  Lancashire  as  in  Cumberland  the  rich 
Durham  coke  being  principally  employed  the  diminished  con- 
sumption appears  in  the  average  of  86  cwts.  in  Lancashire  and 
89  cwts.  in  Cumberland  to  each  ton  of  pig  iron  made  in  the  year 
1880. 


CHAPTEK    VL 

CHESHIRE  IRON  INDUSTRIES. 

Description  of  the  Engineering  and  Metallnrgical  Works  of  the  London  and 

Noriih- Western  Railway,  Crewe. 

The  Iron  and  Steel  Industries. — The  great  eDgineering  and 
metallurgical  works  of  the  London  and  North- Western  Railway 
at  Crewe  call  for  a  brief  notice.  They  have  the  reputation  of 
being  the  largest  in  the  world,  comprising  steel  works  in  which 
the  Bessemer  and  Siemens  processes  for  Hie  manufacture  of  steel 
are  employed  on  a  large  scale.  The  Crewe  works  were  projected 
in  1843  for  the  purpose  of  repairing  the  locomotives  of  what  was  at 
one  time  the  Grand  Junction  Hallway;  some  years  later  machinery 
for  the  manufacture  of  rails  was  introduced,  and  when  in  the  year 
1857  the  amalgamation  of  the  Northern  with  the  Noith-Eastem 
division  of  the  system  took  place,  the  works  at  Crewe  became  the 
centre  of  the  locomotive  and  carriage  depailments  of  the  nortliem 
division  of  the  line.  In  1864  works  were  erected  for  the  manu- 
factui'e  of  steel  by  tlie  Bessemer  process,  and  about  1870  an  open 
hearth  steel-making  plant  was  added,  which  has  since  been  largely 
used  in  the  production  of  steel  for  locomotive  pui-poses. 

Upwards  of  2,000  locomotives  have  been  made  at  the  Crewe 
works,  and  as  many  as  146  in  one  year.  No  other  works  in  the 
world  have  made  and  used  steel  so  extensively  for  railway  purposes. 
The  works  as  a  whole  cover  an  area  of  27  acres,  and  employ  over 
5,000  hands.  The  Bessemer  Steel  Converting  Works  consist 
of  four  5-ton  convertors.  The  pig-iron  is  first  melted  in  an 
ordinary  cupola,  to  which  the  air  is  supplied  by  a  Roots 
Blower,  whence  it  is  nm  into  one  of  the  converting  vessels ;  the 
air  is  supplied  to  the  converting  vessels  by  a  pair  of  horizontal 
blowing  engines  of  440  horse-power.  The  cogging  mills,  tyre- 
rolling  mills,  plate-rolling  mills,  merchant  mills,  and  mills  for 
rolling  spring  steel,  &c.,  possess  all  the  modem  improvements 
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and  are  complete  in  every  mechanical  arangement.  The  boiler 
department  is  a  very  important  branch  of  the  works;  here  a 
building  800  feet  long  and  107  feet  wide  is  devoted  to  the  manu- 
facture of  boilers  for  locomotive  and  stationary  purposes,  the 
material  employed  being  steel. 

The  great  requirements  of  the  London  and  North- Western 
Bailway  may  be  gathered  from  the  extent  of  its  permanent  way, 
and  the  rolling  stock  necessary  for  the  efficient  carrying  out  of 
its  passenger,  mineral,  and  general  traffic.  It  was  recently  stated 
by  Mr.  F.  W.  Webb,  the  manager  of  these  works  :  That  if  the 
engines  and  tenders  of  the  Company  were  extended  in  line  they 
would  reach  a  distance  of  18  miles ;  the  carriages  would  occupy  30 
miles,  and  the  waggons  180  miles,  or  nearly  the  distance  between 
the  works  at  Crewe  and  London.  The  resources  of  the  Company 
are  such  that  on  a  recent  occasion  they  had  turned  out  a  complete 
engine,  ready  for  the  steam,  in  the  short  time  of  25  hours  and  a 
half. 


CHAPTER   VII. 

DERBYSHIRE    IRON    INDUSTRIES. 

Description  of  Ironstones  of  the  Coal  Measures — Analyses  and  production  of  Iron- 
stone— Pig  Iron  Manufacture  in  Derbyshire  and  Nottinghamshire — Early 
History  of  the  Industry^— Production  and  Works  in  operation — Malleable  Iron 
Works  in  1 811 — Puddling  Furnaces  and  Rolling  Mills  in  recent  years  and  Coal 
consumed — Coal  and  Iron  Ore  used  in  Pig  Iron  Manufacture— Districts  fur- 
nishing Iron  Ore. 

Ironstones  of  the  Coal  Keasnres. — The  southern  extension  of 
the  Great  Alidland  Coal-field,  in  the  counties  of  Derby  and  Not- 
tingham, like  the  northern  division  in  the  West  Biding  of  York- 
shire, is  equally  rich  in  its  resources  of  coal  measure  ironstone ; 
but  while  the  beds  of  coal  throughout  the  area  present  more 
or  less  regularity  in  regard  to  thickness  and  production,  the 
measures  of  ironstone,  on  the  other  hand,  exhibit  much  irregu- 
larity in  thickness,  frequently  thinning  out  within  comparatively 
short  distances.  In  the  northern  division  of  the  Great  Midland 
Coal-field,  in  the  West  Biding  of  Yorkshire,  the  two  principal 
seams  of  coal,  at  the  top  and  bottom  of  the  coal-measures,  are 
known  as  the  "  Bamsley  "  and  the  "  Silkstone  "  seams,  between 
which  are  distributed,  interstratified  with  less  important  seams, 
numerous  measures  or  bands  of  ironstone,  especially  the  Low 
Moor  beds  immediately  north  of  Leeds. 

The  principal  seams  of  coal  in  the  Wentworth  district,  near 
Botherham,  have  a  thickness,  the  former  varying  from  6  feet  to 
9  feet  G  inches,  while  the  latter  is  four  feet.  In  Derbyshire 
the  "  Bamsley "  and  "  Silkstone  '*  seams  are  identified  re- 
spectively as  the  *'  Top  Hard  "  and  "  Black  Shale,**  or  Clod 
Coal,  the  first-named  seam  at  Staveley,  near  Chesterfield,  being 
6  feet,  and  the  latter  6  feet  thick.  Between  these  seams  of  coal 
in  Derbyshire,  as  in  Yorkshire,  the  more  important  measures  of 
ironstone  occur.  In  Derbyshire  these  measures  are  known  as 
"  Bakes,"  in  which  the  ironstone  is  distributed  in  the  form  of 
nodules,  frequently  lying  in  such  thickness  as  only  to  be  vrrought 
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to  advantage  by  open  workings,  or,  as  they  are  locally  called, 
"  Bell  Pits."  ^Vhere  such  a  mode  of  working  is  adopted  a  con- 
siderable production  of  ironstone  is  secured.  The  following 
are  the  more  important  ironstone  measures  in  Derbyshire, 
occurring  in  descending  order  between  the  "Top  Hard"  and 
"  Black  Shale  "  seams  of  coal : — 

The  uppermost  of  these  measures  is  known  as  the  "  Buff  or 
Cement  Rake  "  in  the  Alfreton  district,  consisting  of  three  bands 
in  a  section  of  9  feet,  and  yields  1,800  tons  of  ironstone  per  acre. 
The  "  Pinder  Park  Bake  "  at  Staveley,  also  consisting  of  three 
bands  in  a  section  of  6  feet,  yields  of  ironstone  2,000  tons  per 
acre,  while  the  "  Brown  Bake  "  at  Butterley,  in  the  Alfreton 
district,  yields  2,500  tons  per  acre. 

The  '^  Black  Rake  "  measure  also  in  the  same  district  and 
below  the  "  Brown  Bake,"  consisting  of  five  courses  or  bands, 
yields  2,000  tons  per  acre- 

The  "  Dog  Tooth  Rake  *'  next  occurs,  consisting  at  Staveley  of 
5  measures  in  a  section  of  8^  feet,  and  yielding  2,000  tons  of 
ironstone  per  acre.  This  important  measure,  well  exposed  in  a 
section  at  Unstone  near  Dronfield,  shows  the  annexed  succession 
of  strata  with  Gray  Shale  and  ironstones  of  the  open  workings  in 
that  neighbourhood : — 

SuocESSiON  OF  Strata. 

Ft.  In. 

Dog  Tooth  measure 24    0 

Bemtone  or  band  of  cone-in-cone  structure    .  ..09 

Shales 9    0 

Blueish  bind  with  two  courses  of  ironstono  ..40 

Coal 12 

Hardfloor  with  Stigmarite  abundant,  very  similar  to  Ganister      1    0 

Fireclay 4    0 

Coal 19 

At  Butterley  this  same  ironstone  is  known  as  *'  Wallis's  Bake," 
south  of  which  it  does  not  prove.  Below  occurs  the  **  Nodule 
Bake,"  at  Morley  Park,  yielding  1,600  tons  per  acre ;  south  of 
Clay  Gross  it  is  known  as  the  ^'  Dog  Tooth  Bake,"  below  which 
the  most  productive  ironstone  measure  in  the  district  occurs,  the 
''  Black  Shale  Bake  "  consisting  of  16  bands.  In  the  neighbour- 
hood of  Chesterfield  these  bands  are  divided  into  top  and  bottom 
measures  by  12  feet  of  bind.  The  Black  Shale  Bake  here  yields 
from  4,000  to  7,000  tons  of  ironstone  per  acre.  Another  measui*e 
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below,  known  as  the  "  Striped  Rake,'*  at  Kirk  Hallam,  yields 
2,500  tons  per  acre. 

The  ^^  Black  Shale  "  coal  occurs  some  16  feet  below,  having  a 
thickness  of  five  feet,  below  which  and  before  the  millstone  grit 
is  reached,  a  series  of  beds  occurs,  known  as  the  Ganister  series, 
of  considerable  thickness.  In  the  upper  part  of  this  series,  and 
before  the  Kilbume  coal  is  reached,  are  some  bands  of  ironstone, 
principally  worked  in  the  districts  of  Morley  Park  and  Alfreton ; 
they  are  known  as  the  "  Green  Close  Rake "  and  the  Holly 
Close  Rake,"  yielding  from  1,000  to  1,200  tons  per  acre.  The 
''  Black,"  or  *'  Kellands  Rake,"  at  Morley  Park,  and  the  "  Yew 
Tree  Rake,"  yielding  respectively  8,000  tons  and  1,000  tons  per 
acre. 

Below  the  Kilbume  coal  which  here  occurs  appear  the  "  Honey- 
croft  Rake  "  and  the  "  Civilly  Rake,"  the  former  consisting  of  8 
bands,  and  at  Stanton  yielding  6,000  tons,  the  latter  of  5  bands, 
and  yielding  in  the  same  neighbourhood  4,000  tons  of  ironstone 
per  acre ;  while  the  "  Dale  Moor  Rake,"  a  measure  of  5  bands 
occurring  below  the  Furnace  Coal  (a  seam  2  feet  3  inches  thick), 
yields  8,000  tons  per  acre  of  ironstone. 

The  total  thickness  of  the  measures  above  enumerated  is  1,600 
feet,  to  which  may  be  added  400  feet  for  the  strata  occupying  the 
several  seams  of  coal  and  ironstone. 

AnalyBes  of  the  Zroxurtone. — ^Yery  complete  analyses  of  the 
ironstone  measures  worked  in  Derbyshire,  in  the  Butterley  and 
Staveley  districts,  have  been  published  in  the  Memoirs  of  the 
Geological  Survey  of  Great  Britain.*  The  "  Brown  Rake  "  of 
Butterley  is  described  as  follows,  and  generally  illustrates  the 
character  of  the  other  measures  of  the  district : — "  Colour, 
pale  brownish-grey,  inclined  to  red  in  some  parts  from  peroxida- 
tion; very  thin  seams  of  a  bluish  shale  are  irregularly  inter- 
stratified  with  the  ore ;  fracture  usually  rough."  A  second 
variety  of  the  same  measure  is  described  as  "  Colour  blackish- 
grey,  of  various  degrees  of  intensity,  in  irregular  bands  parallel 
to  the  plane  of  stratification.  The  ore  containing  an  abundance 
of  fossil  shells  incrusted  with  ochrey  peroxide  of  iron."  These 
ores,  and  others  in  the  annexed  table,  in  the  Butterley  district, 
consisted  of  equal  weights  of  two  ores  selected  for  analysis,  and 
are  thus  constituted  : — 

♦  "  Iron  Ores  of  Great  BritaiB,"  Part  I.  (out  of  print),  1856. 
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Results  Tabulated. 


Constituents. 

Brown  Rake. 

Brown  Rake. 

Black  Rake. 

Protoxide  of  iron 

37-99 

35-74 

33-56 

Peroxide  of  iron  .        .        .     . 

1-04 

1-26 

1-66 

Protoxide  of  manganese  . 

1-51 

1-23 

0-96 

Alumina 

0-41 

0-47 

0-73 

Lime        ..... 

4-53 

2-94 

3-02 

Magnesia 

Garoonio  acid   .... 

3-30 

2-70 

2-81 

29-92 

26-74 

25-63 

Phosphoric  acid  .                 .     . 
Snlpnuric  acid .... 

0-80 

0-66 

0-79 

trace. 

trace. 

trace. 

Bisulphide  of  iron                 .     . 

006 

0-05 

0-26 

Water  hygroscopic   . 
,,      combined  .                .    . 

0-74 

0-68 

0-74 

1-47 

1-49 

1-51 

Organic  matter 

1-42 

0-76 

1-57 

In«)luble  residue         .        .     . 

16-35 

24-83 

26-46 

99-54 

99-55 

99-70 

Insoluble  Residue. 

Silica 

10-04 

16  07 

17-13 

Alumina 

5-16 

6-62 

7-76 

Peroxide  of  iron 

0-45 

0-92 

0-50 

Lime 

0-06 

0-07 

0-15 

Magnesia 

0-07 

0-26 

0-25 

Potash 

Metallic  iron     .... 

0-55 

0-66 

0-74 

16-33 

.24-60 

26-63 

30-60 

29-32 

27-61 

A  note  appended  to  these  analyses  states  that  in  the  first  a 
trace  of  reddish  metal,  too  small  to  examine,  was  detected  in 
1,200  grains  of  the  ore,  while  as  regards  the  others,  distinct 
traces  of  lead  and  copper  were  found  in  600  grains  of  the  one 
and  700  grains  of  the  other. 

The  measures  wrought  in  the  Stanton  district  are  thus 
described  : — "  The  Swallow  Wood  Rake"  easily  scratched,  light 
drab  in  colour,  one  sample  a  shade  darker;  all  have  a  rough 
non-crystalline  fracture,  and  are  readily  reduced  to  powder. 
The  sample  analysed  consisted  of  equal  weights  of  three  of  the 
ores. 

The  "  Honeycroft  Rake,"  of  Stanton,  examined  by  Mr.  John 
Spiller,  consisting  of  eight  bands  of  the  measure,  the  sample 
taken  for  analysis  consisting  of  equal  weights  of  the  several  ores. 

The  "  Civilly  Rake  "  and  the  "  Dale  Moor  Rake,"  the  former 
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consisting  of  five  measures  and  the  latter  a  similar  number,  equal 
parts  of  each  in  weight  being  taken  for  analyses.  The  results 
given  are  as  follows : — * 

Besitlts  Tabulated. 


Coiifltituents. 

Swallow- 
vood  Rake. 

Honevcroft 
Rake. 

Civilly  Rake. 

Dale  Moor 
Rake. 

Protoxide  of  iron   . 
Peroxide  of  iron        .     . 
Protoxide  of  manganese 
Alumina    .        . 
LiUne      .... 
Mjiffnesia  . 
Carbonic  acid 
Phosphoric  acid         .     . 
Sulphuric  add 
Bisulphide  of  iron     .     . 
Water  hygroscopic 

„     oombinea        .    . 
Organic  matter 
Inwluble  residue      .    . 

33-72 
... 
1-01 
0-67 
3-99 
5-43 

28-64 
0-41 

trace. 
0-13 
0-57 
0-87 
0-36 

23-65 

40-01 
1-60 
1-26 
0-68 
2-78 
2-88 

29-72 
0-34 

trace. 
009 
0*45 
1'12 
1*38 

17-84 

33-31 
1-47 
2-18 
0-95 
2-32 
2-44 

24-83 
0-62 

trace. 
0-13 
0-70 
1-87 
1-85 

27-42 

39-55 
2-71 
1-50 
1-14 
3-32 
2-85 

28-63 
1-12 

trace. 
005 
0-61 
1-24 
1-14 

15-80 

99-35 

100-05 

100-09 

99-56 

Insoluble  Bissidub. 

Silica^    .... 

Alumina    .        .        .     . 

Peroxide  of  iron     . 

Lime 

Magnesia 

Potash       .... 

Iron,  total  amoimt    . 

16-02 
5-74 
0-79 

trace. 
0-06 
0-47 

11-19 
5*33 
0-70 

trace. 
0-17 
0-34 

17-24 
7-90 
1*22 

0-27 
0-49 

10-22 
4-51 
0-78 
0-06 
0-03 
0-48 

2308 

17-73 

2712 

16-08 

26-79 

32-73 

27-79 

33-20 

Notes  appended  to  these  analyses  state  that  none  of  the 
metals,  precipitable  by  sulphuretted  hydrogen  from  the  hydro- 
chloric acid  solution,  were  detected  in  560  grains  of  ore  of  the 
Swallow  Wood  Bake  ;  minute  traces  of  copper  were  found  in  the 
other  samples,  with  the  addition  of  zinc  blends  in  the  Dale  Moor 
Bake. 

The  '*  Dog  Tooth  Bake,*'  extensively  worked  in  the  neighbour- 
hood of  Staveley,  is  also  reported  upon  in  the  "  Iron  Ores  of 
Great  Britain."  The  ironstones  are  described  as  of  the  same 
colour,  light  brownish-grey,  rough  in  fracture,  easily  scratched 


*  « 
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by  a  steel  point.  Another  variety  contains  a  few  shells  irregularly 
diffused.  The  second  analysis  of  the  ironstone  of  the  same 
measure,  described  as  a  '^  Clay  ironstone/'  consisting  of  two 
samples,  both  light  brownish-grey  in  colour,  and  containing 
abundance  of  fossil  shells,  which  in  the  case  of  one  sample  are 
lai^e  and  confusedly  packed  'together,  though  generally  lying 
parallel  to  the  plane  of  stratification ;  while  in  the  other  they 
occur  as  a  more  irregular  deposit  made  up  in  part,  apparently, 
of  fragments  of  shells.  The  hardness  of  the  ore  is  such  that 
they  are  not  easily  scratched  by  a  steel  point ;  fracture  compact 
and  irregular,  the  surface  of  fracture  being  influenced  by  the 
position  of  the  contained  shells.  In  each  analysis  the  sample 
consisted  of  a  mixture  of  the  two  ores  in  equal  weights  : — * 

Besttlts  Tabulated. 


Oonfltftuents. 


Dog  Tooth  Rake. 
Staveley. 


Dog  Tooth  Rake. 
Staveley. 


Protoxide  of  iroa 
Peroxide  of  iron  . 
Protoxide  of  xoanganeee 
Alumina 
Xiime        • 
Magnesia 
Carbonic  acid  • 
Phosphoric  acid  . 
Sulphuric  acid . 
Bisulphide  of  iron 
Watw  hygroscopic  . 

„      in  combination . 
Organic  matter 
Insoluble  Besidue 


38-97 
0-88 
109 
0-38 
1-58 
4-62 

30-14 
0-48 

trace. 
005 
0-64 
1-02 
0-30 

1910 


28-27 
1-01 
1-02 
0-33 

13-94 
9-18 

37-61 
0-74 

trace. 
0-04 
0-18 
0-73 
0-92 
6*39 


99-25 


100-36 


Insoluble  Residue. 


SiUca 

Alumina 

Peroxide  of  iron  . 

Lime 

Magnesia 

Potash 


Metallic  iron 


11-90 
5-55 
0-69 
0-04 
0-20 
0-67 


3-55 
1-98 
0-41 
trace. 
0-09 
0-16 


18-95 


31-34 


6.19 


22-98 


"  Iron  Ores  of  Great  Britain,"  Part  L,  pp.  86,  8S. 
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A  note  appended  to  the  first  analysis  states  that  a  minute  trace 
of  copper  was  found  in  630  grains  of  the  ore,  and  that  a  minute 
trace  of  a  white  metal,  too  small  to  examine,  was  found  in  the 
second  in  460  grains  of  the  ore. 

Taking  an  average  of  the  amount  of  metallic  iron  contained  in 
the  foregoing  analyses,  29*15  per  cent,  will  fairly  represent  the 
yield  of  the  ironstone  of  Derbyshire.  In  the  annexed  table  is 
given  the  several  ironstone  measures  above  enumerated,  the 
analyst,  and  percentage  of  metallic  iron  in  each  : — 


Ironstone  Measures. 

Analyst. 

Iron  per  Cent. 

Brown  Rake  (Butterley) . 

Mr.  John  SpUler 

30-60 

Brown  Rake         ,,              ... 

29-32 

Black  Rake          ,,          ... 

1 

27-61 

Swallow  Wood  Rake  (Stanton) 

26-79 

Honeyoroft  Rake              ,,          .    . 

32-73 

Civilly  Rake 

Dale  Moor  Rake              ,,           .     . 

27-79 

33-20 

Dog  Tooth  Rake  (Staveley)     . 

' 

31-34 

Dog  Tooth  Rake 

22-98      < 

Production  of  Ironstone. — The  yield  of  the  ironstone  measures 
of  Derbyshire  has  been  as  follows  since  the  year  1855  : — 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1855 

409,500 

1868 

368,440 

1856 

392,400 

1869 

352,072 

1857 

350,000 

1870 

384,865 

1858 

328,950 

1871 

492,973 

1859 

325,500 

1872 

307,183 

1860 

387,500 

1873 

365,127 

1861 

396,520 

1874 

239,292 

1862 

345,450 

1875 

218,132 

1863 

350,500 

1876 

199,908 

1864 

325,600 

1877 

206,247 

1865 

350,000 

1878 

175,260 

1866 

329,500 

1879 

146,341 

1867 

350,000 

1880 

150,248 

The  quantity  raised  in  the  year  1880  amounted  to  150,248 
tons,  of  the  average  value  of  10«.  per  ton.  The  quantities  raised 
in  1878  and  1874  (the  last  detailed  returns  published),  when  the 
average  value  was  12^.  per  ton,  was  obtained  in  the  localities 
named  are  given  on  the  next  page : — 
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District  or  Mine. 

1878. 
Quantities. 

1874. 
Quantities. 

Alfreton 

Blaokwell 

Butterley 

Clay  Cross 

Morley 

Benisnaw 

Biddings 

Stayeley 

Sheepbridge     .... 
Wingerworth 

WestHaUam   .        .        .        . 
Sundry  pits 

Total    .... 

Tons. 
14,854 

7iii65 

13,353 
10,500 

173,664 
12,446 
14,771 
18,917 
35,457 

Tons. 

■  •  ■ 

300 

55,439 

794 

•  ■  • 

13,754 
19,511 
13,077 
... 

2,417 
134,000 

365,127 

239,292 

T^rbjnhixe  (incloding  ITottingliaiiuihiro) :  Pig  Iron  Manu- 
faotnre. — The  smelting  of  the  ores  of  iron  in  Derbyshire  with 
coke  dates  from  about  the  year  1780 ;  previously  numerous 
small  bloomaries  existed  in  various  districts,  where  cast  and 
bar  iron  were  made  with  charcoal,  but  these  gradually  dis- 
appeared, and  in  the  year  1788  the  last  ceased  working.  The 
blast  at  these  works  was  secured  by  means  of  a  water-wheel. 
With  the  use  of  coal  or  coke  a  great  change  took  place  in  the 
form  and  construction  of  the  blast-furnace ;  hitherto  when  char- 
coal was  employed,  they  were  square  in  form,  subsequently  those 
erected  were  circular  and  of  increased  height  and  capacity.  With 
these  changes  came  most  opportunely  the  improvement  in  the 
steam-engine  by  Mr.  James  Watt,  which  our  ironmasters  were 
not  slow  in  adopting,  and  thus  considerably  and  in  a  very  short 
period  increased  the  productive  power  of  their  establishments. 

In  the  year  1740  there  appear  to  have  been  two  furnaces  in 
Derbyshire,  making  charcoal  pig  iron  to  the  amount  of  650  tons 
or  225  tons  per  furnace.  The  first  furnace  erected  in  Derby- 
shire in  which  coke  was  exclusively  employed  in  the  make  of  pig 
iron  was  at  Morley  Park  in  the  year  1780,  where  also  a  few  years 
later  the  steam-engine  was  successfully  introduced,  in  working 
the  blast  the  original  proprietor  being  a  Mr.  Francis  Hurt ;  these 
works  were  succeeded  in  the  same  year  by  two  others  situated  at 
Chesterfield,  known  as  the  Griffin,  or  New  Brampton,  and  the 
Stone  Gravel,  located  on  the  Chesterfield  Canal.  The  first-named 
works  were  projected  by  Messrs.  E.  Smith  and  Co.,  and  the 
latter  by  Messrs.  Smith  and  Armitage.     The  works  at  Winger- 
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worth  followed  by  Mr.  Joseph  Butler,  and  in  1786  the  Staveley 
Works  commenced  operations  by  Messrs.  Ward  and  Low.  In 
1788  works  were  established  at  Dale  Abbey  by  Messrs.  English 
and  Co.,  which  a  few  years  later  were  dismantled  and  subsequently 
pulled  down.  The  year  1792  was  marked  by  the  establishing  of 
the  Butterley  and  Renishaw  Works  by  Messrs.  Outram  &  Co.,  at 
Eckington,  and  Messrs.  Appleby  &  Co.  at  Alfreton,  and  these  were 
succeeded  by  others;  the  Alfreton  Works  by  Messrs.  Oakes,  Ed- 
wards, &  Co.,  at  one  time  known  as  the  Somercotes  Works,  and 
situated  on  the  banks  of  the  Cromford  Canal;  the  Hasland,  or 
Qxass  Hill,  by  Mr.  John  Brocksop,  and  in  1799  the  Duckmanton 
(or  Adelphi)  Works  by  Messrs.  Smith  &  Co. ;  the  two  last-named 
works  have  long  since  been  abandoned  and  dismantled.  It  was  at 
the  Somercotes  Works  above  referred  to  that  Mr.  David  Mushet 
introduced  his  system  of  making  coke  on  a  large  scale  for  the  blast 
furnace,  known  as  the  "  Close  Way,"  as  distinguished  from  the  old 
method  in  use  at  tl)e  beginning  of  the  present  century,  of  making 
a  large  heap  of  coals,  which  being  set  fire  to,  were  subsequently 
extinguished  by  a  stream  of  water  when  the  coking  was  complete. 

The  make  of  charcoal  pig  iron  in  Derbyshire  in  the  year  1788 
by  the  only  remaming  charcoal  furnace  at  Wingerworth,  is  stated 
to  have  been  800  tons.  In  the  same  year  7  furnaces  producing 
coke  pig  iron  in  Great  Britain  made  4,200  tons,  giving  an 
average  per  fiimace  of  600  tons. 

Advancing  to  the  inquiry  instituted  by  Dr.  MacNab  for  the 
year  1796,  it  appears  that  the  make  of  pig  iron  in  Derbyshire  in 
that  year  amounted  to  9,666  tons.  The  following  is  a  list  of  the 
works  then  in  operation,  with  the  number  of  furnaces  and  the 
yield  of  pig  iron  : — 


Works. 

Furnaces.          Pig  Iron. 

Butterley 

Chapel 

Chesterfield      .... 
Dale  Abbey 
Little  Brampton 
MorleyPark        .        .        .     . 

Renishaw 

Staveley       .        •        .        .     . 

Park 

Wingerworth       .... 

Total    .... 

1 
1 
1 
1 
2 
1 
2 
1 
1 
1 

Tons. 
936 

1,456 
940 
443 

1,560 
728 
705 
761 
853 

1,274 

12 

9,656 
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The  total  make  of  pig  iron  in  Great  Britain  was,  according  to 
MacNab's  inquiry,  125,079  tons,  there  being  in  the  same  year  124 
furnaces  in  operation. 

Farey,  in  his  "  Survey  of  Derbyshire,"  written  in  the  beginning 
of  the  present  century,  gives  a  very  complete  account  of  the  works 
and  furnaces  built  and  in  operation  in  the  year  1806,  with  the  in- 
dividual production  of  coke  pig  iron  in  each  works  as  follows : — 


Works. 


Alfreton   . 
Bntterley     . 
Chesterfield  rOriffin) 

„  (Stone  Gfravel) 

Dale  Abbey 
Dndkmaiiton 
Hasland  . 
Morley  Park 
Benianaw 
Staveley 
'Wingerworth   . 

Total 


rUBKACBS. 


Built 


In  Blast 


Pig  Iron  Msde. 


1 
2 
3 
2 
1 
2 
1 
1 
2 
1 
2 


18 


1 
2 
2 


1 
1 
1 
1 
1 
1 


12 


Tuns. 

1,450 

1,766 

1,700 

700 

•  •  • 

900 

723 

700 

975 

596 

819 


10,329 


The  make  of  coke  pig  iron  in  Great  Britain  in  1806  was 
250,406  tons,  and  of  charcoal  pig  iron  7,800  tons,  giving  a  total 
production  of  268,206  tons  of  pig  iron,  which,  when  compared 
with  the  production  of  the  year  1788,  shows  an  increase  fourfold* 

The  Butterley  Company  about  the  year  1811,  extended  their 
powers  of  production  by  the  erection  of  the  Godnor  Park  Works 
with  two  blast  furnaces,  to  which  a  third  was  added  in  the  year 
1825.  This  Company  has  long  been  celebrated  for  its  massive 
and  magnificent  castings,  examples  of  which  may  be  seen  in  the 
iron  bridge  over  the  Biver  Thames  at  Vauxhall,  the  colonnade  in 
front  of  the  Opera  House  in  the  Haymarket,  and  in  numerous 
bridges  and  roofs  in  the  West  India  and  other  docks;  while 
north  of  the  Tweed,  the  bridge  at  Leith  Harbour  and  others,  and 
lock-gates  on  the  Galedonian  Ganal  may  be  referred  to.  The 
next  account  of  pig  iron  manufacture  in  Derbyshire  is  for  the 
years  1828  and  1880,  prepared  by  Mr*  Frederick  Finch,  who  as- 
certained that  the  make  of  15  furnaces  in  the  year  1828  amounted 
to  14,088  tons ;  and  in  the  year  1880,  of  18  furnaces,  to  17,999 
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tons^  showing  an  increase  in  the  seven  years  of  8,961  tons  or  28 
per  cent. 

The  details  of  Mr.  Finch's  returns  for  Derbyshire  appear  in 
the  annexed  statement,  with  the  number  of  furnaces  in  each 
works,  and  the  make  of  pig  iron  : — 


Works. 

1823. 

1830. 

Fumaces. 

Pig  Iron. 

Fumaces. 

1 
Pig  Iron. 

Alfireton 

Brampton .... 

Butterley 

Calow        .        .        .     . 

Codnor  Park  . 

Duckmanton     .        .     . 

Morley  Park  . 

Benishaw  .        .        .     . 

Stayeley 

Total     .        .     . 

2 
2 
3 
1 
2 
1 
1 
2 
1 

Tons. 
2,690 
1,807 
2,639 

2i096 
1,091 
544 
2,120 
1,051 

2 
2 
3 
1 
3 
1 
2 
2 
2 

Tons. 
2,950 
1,245 
3,981 
123 
2,455 
1,446 
1,428 
2,810 
1,561 

15            14,038 

18 

17,999 

Advancing  to  the  year  1889,  when  Mr.  David  Mushet  gave  the 
production  of  pig  iron  as  1,248,781  tons,  the  make  of  878  fur- 
naces ;  the  Derbyshire  fumaces,  of  which  14  were  in  blast,  pro- 
duced 84,872  tons.  Again  in  the  years  1840  and  1848,  the 
respective  production  amounted  to  1,896,400  tons  and  1,215,850 
tons,  of  which  Derbyshire  contributed  respectively  81,000  tons 
and  25,750  tons. 

The  late  Mr.  Samuel  H.  Blackwell,  in  the  year  1851  entered 
very  fiiUy  into  the  iron  making  resources  of  the  United  Kingdom, 
and  furnished  the  following  list  of  works  in  Derbyshire,  the 
number  of  fumaces  built  and  in  blast,  and  the  production  of  pig 
iron,  amounting  to  60,000  tons  : — 


Works. 

FURNACES. 

Works. 

FURNACES. 

1 

Built 

In  Blast 

Built 

In  Blast 

Alfreton  . 

Brimington  Moor   . 
Butterley 

Codnor  Park       .     . 
Clay  Cross 
Duckmanton       .     . 
Morley  Park  . 

3 
1 
3 
2 
2 
1 
2 

2 
1 
2 
2 
1 
0 
2 

Newbold 

Benishaw   .        .     . 
St;anton  . 

Staveley     .        .     . 
Tinstone . 

West  Hallam      .     . 
Wingerworth  . 

1 

2 
3 

4 
1 
2 
2 

1 
1 
2 
2 

1 
1 

1 
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The  average  yield  of  the  furnaces  at  this  period  was  8,158 
tons  per  annum. 

In  subsequent  years  the  production  of  the  Derbyshire  furnaces 
appears  as  follows,  and  for  comparison  it  will  be  convenient  to 
give  side  by  side  the  production  of  the  furnaces  in  the  West 
Biding  of  Yorkshire  (which  occurs  within  the  area  of  the  northern 
division  of  the  Great  Midland  Coal-field  of  Yorkshire,  Derby- 
shire, and  Nottinghamshire) : — 


1 

FURNACES. 

Derbtbhire. 

W.  RlDlNO  OP 

Yorkshire. 

Year. 

t 

Built. 

In  Blast 

Pig  Iron. 

Pig  Iron. 

Tons. 

Tons. 

1855 

33 

24 

116,550 

90,840 

1856 

33 

26 

106,960 

96,200 

1857 

34 

25 

112,160 

117,000 

1858 

34 

28 

131,577 

85,936 

1859 

36 

27 

139,250 

84,950 

1860 

37 

23 

125,850 

98,100 

1861 

37 

24 

129,715 

142,865 

1862 

44 

32 

131,005 

112,121 

1863 

42 

31 

170,026 

104,745 

1864 

43 

31 

174,743 

102,093 

1865 

41 

34 

189,364 

123,233 

1866 

42 

33 

199,867 

119.747 

1867 

43 

30 

160,028 

1        109,002 

1868 

42 

28 

159,312 

1        100,050 

1869 

43 

31 

188,353 

105,765 

1870 

43 

30 

179,772 

77,717 

1871 

46 

38 

270,485 

114,549 

1872 

46 

38 

283,375 

148,636 

1873 

47 

39 

296,468 

151,511 

1874 

50 

38 

301,687 

163,856 

1875 

51 

38 

272,065 

267,153 

1876 

54 

35 

300,719 

235,451 

1877 

53 

47 

328,203 

229,027 

1878 

55 

38 

306,141 

219,547 

1879 

53 

35 

291,455 

218,805 

1880 

54 

40 

366,792 

306,560 

Taking  the  average  yield  of  the  furnaces  in  Derbyshire,  a 
steady  increase  appears;  thus,  in  1855,  the  average  was  4,856 
tons,  increased  to  5,428  tons  in  1860,  and  5,570  tons  in  1865 ; 
again,  in  1870,  the  average  was  5,992  tons ;  in  1875,  7,160  tons, 
and  in  1880,  9,169  tons,  comparing  favourably  with  the  year 
1851,  when  the  average  was  but  8,158  tons  per  furnace. 

The  respective  works  and  firms,  with  the  numbers  of  furnaces 
built  and  in  blast  in  the  year  1880,  were  as  follows  : — 
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Derbyshtbe. 


Owners. 


1 
2 
3 

4 
5 
6 

7 
8 


10 

11 

12 
13 
14 


Alfreton 

Butterlev,  Alfreton  . 
Codnor  Park 
Clay  Cro8B 
Denby,  Derby 
Morley  Park,  Belper 
Newbold,  Chesterfield  . 
Beniahaw,  Eckington 

Sheepbridge,  Chesterfield 

Stanton,  Nottingham 

Staveley,  Chesterfield  . 

West  Hallam,  Ilkeston    . 
Wingerworth,  Chesterfield 
Erewiftsh  Valley,  Hkestone 


James  Oakea  &  Co. 
The  Butterlev  Co. 


»» 


Iron  \ 


The  Clav  Cross  Co.  . 
George  I)awes  . 
Henry  Cathrow  Disney 
Newbold  Iron  and  Cool  Co. 
F.  K.  Appleby  &  Co.  . 
(  Sheepbndge  Coal  and 
I  Co.,  Limited  •  . 
Stanton  Iron  Works  Co. 
(  Stareley  Coal  and  Iron  Co.,  I 
i  Limited  .  .  .  f 
West  Hallam  Coal  and  Iron  Co. 
Wingerworth  Iron  Co.,  Limited 
Erewash  YaUey  Iron  Co.     .     . 

Total    .... 


Pomaces 

Furnaces 

buUt. 

in  blast 

3 

3 

3 

1 

4 

2 

•3 

3 

4 

3 

2 

0 

1 

0 

3 

3 

6 

5 

8 

7 

8 

7 

2 

1 

3 

3 

1        * 

2 

64 

40 

Mills  and  Forges. — Farey,  in  his  "  Survey  of  Derbyshire/* 
published  in  1811,  states  tiiat  *'  Until  about  forty  years  ago 
(1771)  small  furnaces  and  bloomaries,  heated  by  charcoal,  were 
alone  used,  for  the  making  of  either  cast  or  bar  iron  in  these 
districts.  At  Wingerworth  one  of  these  charcoal  furnaces  con- 
tinued in  some  use,  blown  by  means  of  a  water-wheel,  until  the 
year  1784 ;  this  work,  or  others  on  the  site  of  it,  having  been 
used  for  more  than  180  years ;  and  at  Walley  in  Bolsover  another 
was  used  until  about  the  year  1770."  Farey  gives  a  list  of  28 
localities,  where  he  had  observed  the  slag  and  remains  of  old 
bloomaries  and  charcoal  furnaces,  and  he  further  supplements  the 
list  by  another,  of  the  forges  and  puddUng  works  where  bar  iron 
was  made  in  Derbyshire  and  adjoining  counties  as  follows  : — t 

Mills  Aim  Fobges  in  Dehbyshibe. 
Alderwasley,  near  Wirksworth  (two  formerly) ;  Frauds  Hurt. 
Brightside,  near  Attercliffe,  Yorkshire ;  late  Swallow  &  Co. 
Bugsworth,  in  Glossop. 
Ghapel-en-  le-Frith. 
Chapel  Mill-town. 

Chesterfield  (New  Brampton) ;  Ebenezer  Smith  &  Co. 
Clay  Mills,  near  Burton  (on  the  Dove),  Staffordshire. 
Codnor  Lower  Park  (now  erecting) ;  Butterley  Co. 
Killamarsh ;  Joseph  Butler. 
Makeney  in  Duffield  (disused). 
Botherham ;  Walker  &  Co. 
Sheffield  Town  ;  Samuel  Smith  &  Co. 

„  Shelton  &  Co. 

Staveley  ;  Ward  &  Barrow. 

Wichnor,  near  Burton,  Staffordshire;  Thomywell  &  Co. 
Winshill,  in  Stapenhill  (disused). 


*  Two  famaces  building. 


f  Farey's  "  Derbyshire,'*  1811,  vol.  i.,  p.  403. 
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Farey  *  farther  adds  that  at  "  most  of  the  above  works  they 
have  large  rolling  and  slitting  apparatuses,  for  making  plate  iron, 
or  bars  of  different  sizes,  down  to  the  smallest  nail  rod ;  besides 
V^KhMby  there  are  rolling  and  slitting  mills  for  such  purposes 
in  Derbyshire,  in  All  Saints  in  Derby,  and  at  Burrowash  in 
Ockbrook." 

For  many  years  these  works  have  been  as  follows,  with  the 
respective  firms,  while,  from  time  to  time,  their  powers  of  pro- 
duction have  been  increased  in  the  number  of  puddling  furnaces 
and  rolling  mills  to  meet  the  demands  of  trade.  These  works 
stood  as  under  in  the  year  1880 : — 


No. 

Xame  of  Works. 

Name  of  Firm. 

Nearest  Port  or 
Railway  Station. 

No.  of 
Puddling 
Furnaces. 

No.  of 

RoUing 

Mills. 

1 
'2 
3 

4 

5 

Butterley  . 
Railway  (Litchorch) 
Victoria     . 
Whittingtoii         .    . 

Bheepbridge 

Total         .    . 

Th6  Butterley  Co.    . 
Eastwood,  Swingler  &  Co. 

Thomas  Firth  A  Sons 
j  Sheepbridge  Coal  and  ) 
(      Iron  Co.,  Limited     ) 

Alfireton 

Derby                    ♦ 

Chesterfield      .    . 

ti 

40 

36 

17 

8 

1 

2 
3 
2 

101 

1* 

1 

Of  the  coal  consumed  in  these  malleable  iron  works  the  quan- 
tities in  each  of  the  years  1872  and  1873  did  not  exceed  180,000 
tons,  including  all  the  purposes  where  coal  was  employed.  In 
recent  years  the  following  quantities  show  the  consumption,  all 
purposes  included : — 


Year. 


Coal  Used. 


1873 
1874 
1875 
1876 


Tons. 
130,000 
96,350 
90,879 
83,989 


Year. 


Cual  Uscil. 


1877 
1878 
1879 
1880 


Tons. 

85,000 

80,487 

82,466 

90,178 


Coal  and  Iron.  Ore  used  in  Mannitotnre, — Taking  up  in- 
quiries on  this  subject  with  the  year  1840,  when  Mr.  William 
Jessop  of  the  Butterley  Ironworks  made  a  searching  investiga- 
tion on  the  subject,  it  was  ascertained  that  four  tons  of  coal  were 
employed  in  the  manufacture  of  each  ton  of  pig  iron.  At  this 
period  the  average  quantity  used  in  Great  Britain  was  8}  tons  of 


*  "  Qeneral  View  of  the  Agticnlture  and  MineraU  of  Derbyshire.**    John  Farey, 
1811. 
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coal  to  each  ton  of  pig  iron.  The  total  quantity  of  coal  used  in 
Derbyshire  in  the  year  1840  was  129,000  tons  in  the  manufacture 
of  81,000  tons  of  pig  iron.  It  is  recorded  in  the  pages  of  the 
Royal  Coal  Commission,  that  in  the  year  1869  the  quantity  did 
not  exceed  8  tons,  while  in  the  year  1872  it  had  further  dimin- 
ished to  58  cwts.  of  coal  to  each  ton  of  pig  iron.  The  total 
quantities  of  coal  and  iron  ore  used  in  each  year  since  1872 
appears  as  follows,  together  with  tlie  quantities  of  pig  iron 
made : — 


Ye  ir. 

Pig  Iron. 

Coal  Used. 

Iron  Ore  Used. 

Ttms. 

TODM. 

Ton«. 

1872 

283,375 

821,833 

745,560 

1873 

296,468 

865,350 

775,000 

1874 

301,687 

905,951 

788,500 

1875 

272,065 

779.100 

715,648 

1876 

300,719 

777,772 

774,824 

1877 

328,203 

869,368 

875,573 

1878 

306,141 

793,028 

833,109 

1879 

291,455 

765,821 

799,280 

1880 

355,603 

935,913 

1,027,657 

Thus,  in  the  year  1872,  when  the  average  consumption  of  coal 
in  Great  Britain  in  the  manufacture  of  iron  was  51  cwts.  to  the 
ton ;  the  average  in  the  Derbyshire  furnaces  was  about  58 
cwts.  The  increased  economy  of  coal  since  that  date  has  been 
considerable,  the  average  in  1877  being  53  cwts.,  in  1878  but 
51^  cwts. ;  while  in  the  year  1879  it  shows  an  increase,  the 
average  being  52|  cwts.  In  the  same  way  the  average  coal  used 
throughout  the  kingdom  in  iron-making  compares  favourably 
in  each  of  the  same  years,  decreasing  from  51  cwts.  in  the  year 
1872  to  44i  cwts.  in  the  year  1878,  and  about  48  cwts.  in  the 
year  1880,  when  the  total  quantity  of  coal  used  in  the  smelting  of 
iron  ore  in  Great  Britain  was  16,682,629  tons. 

The  bulk  of  production  of  the  clay  ironstone  measures  of 
Derbyshire  is  smelted  in  the  furnaces  of  Derbyshire.  The 
ironstone  when  used  in  the  raw  state  requires  54  cwts.  to  each 
ton  of  pig  iron  made,  the  Derbyshire  stone  containing  from 
22*98  to  33*20  per  cent,  of  metallic  iron.  Large  quantities  of 
iion  ore  are  imported  into  the  country  to  meet  the  requirements 
of  the  ironmaster,  principally  from  Northamptonshire  and  Lin- 
colnshire, and  also  from  more  distant  places  not  separately  ascer- 
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tained.  These  ores  being  more  rich  in  metallic  iron  than  the 
native-mine,  are  in  good  request  and  are  advantageously  em- 
ployed. 

The  iron  ores  employed  in  the  furnaces  in  the  year  1874  and 
two  preceding  years  were  derived  from  the  following  districts  : — 


Districts. 

1872. 

1873. 

1874. 

DerbyBbire        .... 
Northamptonsbire                .     . 
Lincolnsbire     .... 
Other  places         .... 

Total    .... 

Tons. 

317,560 

290,500 

1,500 

136,000 

Tons. 

320,000 

308,700 

2,500 

143,800 

Tons. 

305,350 

313,924 

3,326 

165,900 

745,560 

775,000            788,500 

The  ores  in  the  last-named  quantities  are  probably  derived 
from  Lancashire  and  Cumberland. 

The  Derbyshire  ironstone,  by  calcination,  may  be  said  generally 
to  lose  about  one-third  of  its  weight,  and  it  appears  that  as  early  as 
the  beginning  of  the  present  century,  according  to  Farey,*  "  that 
this  system  of  concentrating  the  metal  in  the  ore  was  carried  out 
in  Derbyshire  at  Somercotes,  and  some  other  works,  where  the 
ore  was  roasted  in  kilns  similar  to  lime-kilns,  with  considerable 
saving  of  time  and  of  coals,  but,  it  is  said,  with  some  increased 
loss  of  ore,  in  being  crushed  to  pieces  in  passing  through  the 
kiln,  to  what  happens  in  the  open  heaps,  like  coke-heaps,  in 
which  it  is  usually  wasted ;  for  pieces  of  roasted  iron  ore  smaller 
than  peas  cannot  be  admitted  into  the  furnace  for  fear  of  choking 
it.  The  small  ore  thus  sifted  out  is  called  Minion  and  is  thrown 
away,  or  used  for  making  paths  in  gardens,  &c.,  in  which 
situation  it  sets  hard  and  firm." 

Beturning  to  the  quantities  of  iron  ore  supplied  to  the  blast 
fomaces  of  Derbyshire,  the  annexed  table  gives  the  districts 
furnishing  the  same,  and  the  approximate  quantities : — 


Districts. 

1876. 

1877. 

1878. 

1879. 

1880. 

Derbyshire 

Northamptonshire     .     . 
Lincolnshire  . 
Other  places      .        .     . 

Total . 

Tons. 
220,000 
494.402 
6,508 

53,914 

Tonn. 

238,900 

514,803 

8,760 

113.110 

Tons. 
215,000 
521,308 
7,783 

89,018 

Tons. 

180,000 

507,226 

7,434 

104,620 

Tons. 
165,000 
696,903 

11,826 
153,928 

774.824 

875,573 

833,109 

799,280 

1,027,657 

•    V 


Farey 'b  "  Derbyshire,"  vol.  i.,  p.  401. 


CHAPTER    VIII, 

NOTTINGHAMSHLBB   AND   WARWICKSHIRE    IRON    INDUSTRIES. 
Ironstone  of  the  Coal  Measures — Analyses  and  Production. 

Wottinghamiihire. — Production  of  Ironstone. — The  quantities 
raised  from  the  ironstone  measures  in  Nottinghamshire  have  not 
at  any  time  been  considerable ;  in  1874  there  were  but  228  tons 
returned,  the  value  of  £186  being  given.  Since  that  date  the 
returns  have  been  as  follows,  with  the  values  in  each  year : — 


Year. 

Quantities. 

Value. 

» 

Tons. 

£ 

1873     • 

11,750 

7,543 

1876 

15,406 

9,243 

1877 

16,986 

10,191 

1878 

12,250 

6,125 

1879 

20,000 

10,000 

1880 

2,264 

1,132 

These  values  show  an  average  price  per  ton,  in  1875,  of 
12«.  9ei.,  receding  to  12«.  in  1877,  since  which  date  10«.  has  been 
the  average. 

Warwiolnhire. — Analysis  of  Ironstone. — The  argillaceous  ores 
obtained  from  this  coal-field  vary  like  others  in  the  percentage  of 
iron  which  they  contain.  The  ironstone  obtained  from  the 
Bedworth  district,  near  Coventry,  may  be  taken  as  characteristic 
of  the  best  description  of  ores  of  this  class.  The  annexed 
analysis  shows  the  composition  of  the  Bedworth  ironstone  above 
referred  to.* 


♦  Mr.  S.  H.  Blackwell's  "  Iron  making  Resources  of  the  United  Kingdom." 
Leoture,  Society  of  Arts,  1851,  p.  151. 
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Results  Tabxtlated. 

Carbonate  of  iron 79*19 

Carbonate  of  manganese 1*45 

Carbonate  of  lime 5.85 

Carbonate  of  magnesia 6*30 

Alumina 0*50 

Silica 4*85 

Phosphoric  acid 0*71 

Water,  bituminous  matter,  and  loss 1*15 


100*00 


These  argillaceous  ores  usually  contain  from  80  to  85  per  cent., 
the  better  varieties  ranging  as  high  as  40  per  cent.,  and  are  but 
in  little  demand  when  found  to  contain  less  than  from  25  to  80 
per  cent,  of  metallic  iron.  The  above  example  gives  87*88 
per  cent. 

Production  of  Ironstone. — ^But  little  information  on  this  subject 
appears  before  the  year  1858.  In  that  year  the  quantity  of  iron- 
stone obtained  amounted  to  29,500  tons,  valued  at  £11,060, 
giving  an  average  of  about  9b.  per  ton.  In  subsequent  years  the 
argillaceous  ore  of  Warwickshire  jdelded  the  foUowiDg  quantities 
and  value : — 


Taw. 

qnantities. 

Vftlne. 

Year. 

Qiumtltief. 

Vftlae. 

TonB. 

£ 

Tons. 

£ 

1859 

30,500 

10,500 

1870 

17,500 

6,125 

1860 

19,500 

5,025 

1871 

34,075 

15,570 

1861 

15,250 

4,000 

1872 

43,375 

16,246 

1862 

14.750 

3,678 

1873 

43,837 

26,302 

1863 

12,500 

3,150 

1874 

92,214 

39,528 

1864 

15,750 

3,939 

1875 

97,456 

48.720 

1865 

16,500 

4,128 

1876 

92,838 

46,419 

1866 

18,750 

4,687 

1877 

79,965 

47,979 

1867 

15,500 

3,878 

1878 

57,222 

28,611 

1868 

14,795 

3,698 

1879 

16,214 

8,107 

1869 

15,000 

3,750 

1880 

36,972 

18,486 

For  many  years  the  average  price  of  these  ores  did  not  exceed 
Bs.  per  ton ;  about  1870  they  rose  to  la.,  and  in  1874  to  10«.  per 
ton,  8inc.e  which  date  they  have  shown  but  little  variation. 
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— ^Yield  of  Measures  and  Cost  of  Working — Pig  Iron  Manufiicture — Early- 
History — Darby's  successful  application  of  Coke  in  the  blast  furnace  at  Coal- 
brook  Dale  Works — Production  of  Pig  Iron — Malleable  Iron  Works — ^Intro- 
duction of  Rolling  Mills  at  Coalbrook  Dale — Coal  consumed  in  Malleable  Iron 
Works — Coal  and  Iron  Ore  used  in  Pig  Iron  Manufacture — Districts  supply- 
ing Iron  Ore. 

ShroiMihire  ZrourtoiLe  Keasures. — The  upper  part  of  the 
strata  of  this  coal-field,  it  appears,  is  remarkably  wanting  in 
workable  seams  of  coal  and  ironstone.  The  first  ironstone 
reached  in  depth  is  the  "  Top  **  or  "  Chance  Pennystone,'* 
occurring  with  much  irregularity,  but  possessing  a  strong,  general 
resemblance  to  the  Main  Pennystone,  which  lies  about  200  feet 
deeper.*  The  table  of  strata  shows  the  order  of  occurrence,  in 
the  neighbourhood  of  Doimington  Wood,  of  the  coal  and  iron- 
stone seams  :— 

Succession  of  Strata. 

STRATA.  Ft.     In. 

Chance  Pennystone. 

Fungous  Coal 3    0 

Blackstone, 

Brick  Measure, 

BaUstone, 

Top  Coal 5    6 

Three-quarter  Goal 2    0 

Double  Coal 6  10 

YeUaw  Stone, 

Yard  Coal 3    0 

Blue  FlaU, 

White  Flats. 

Main  Fennystone, 

Sulphur  Coal 7    0 

ClunchCoal 3    0 

Two-feet  Coal 2    0 

Clod  Coal 2    4 

Little  Flint  Coal 2    0 

Crawstcme,  Madeley  Wood. 

Blade  Flats  (position  not  giyen). 

♦  "  Iron  Ores  of  Great  Britain,"  Part  IV.,  p.  341. 
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One  of  the  most  interesting  features  in  the  Shropshire  iron- 
stone measures  is  the  great  variety  of  fossil  remains  preserved  in 
the  interior  of  the  nodules,  exceeding  in  this  respect  those  of 
most  other  districts.  The  following  are  the  principal  ironstone 
measures,  in  descending  order,  with  the  yield  of  ii'onstone  per 
acre. 

The  Blackstoae  meajrare,  an  ironstone  of  dull  lustre  and 
irregular  fracture,  but  having  smooth,  shining,  and  very  black 
surfaces  above  and  below  tlie  nodules,  is  highly  valued  in  the 
district  as  one  of  the  mateiials  for  making  the  '*  best  best "  cold 
blast  iron;  and  the  measure  yields  an  average  of  1,500  tons  to 
the  acre.  The  next  measure,  the  **  Brick,"  is  one  of  secondary 
importance,  existing  in  the  form  of  flat  cakes  of  a  rich  brown, 
with  their  surfaces  very  smooth,  and  of  a  chocolate  colour.  Planes 
of  cleavage  run  very  regularly  through  them,  dividing  them  into 
brick-like  masses,  very  like  the  White  Flats  of  South  Staffordshire, 
while  a  lower  measure,  the  *' BaUstane,**  possesses  a  brownish- 
grey  colour,  and  when  broken  gives  a  conchoidal  fracture ;  like 
the  Blackstone,  it  is  extensively  used  in  the  make  of  the  best 
cold  blast  iron. 

The  "  Yellowstone  '*  mea4nire  occurs  below  the  Ballstone  in 
lumpy,  irregular  nodules,  with  white  powdery  spots,  yielding, 
when  well  developed,  1,200  tons  of  ironstone  to  each  acre,  and  is 
used  alike  for  both  hot  and  cold  blast  iron. 

The  Blue  Flats  measure  is  irregular  in  its  occurrence,  the 
nodules  are  of  a  brown-grey  colour,  and  exist  interstratified 
with  an  indm*ated  clay,  yielding  1,600  tons  of  ironstone  to  the 
acre,  obtained  twenty  years  ago  at  a  cost  of  16«.  per  ton,  whilst 
the  cost  of  getting,  at  the  same  period,  did  not  exceed  from  88. 
to  Us.  per  ton. 

The  White  Flats  measure. — The  ironstone  nodules  of  this 
measure  is  of  a  brownish-grey  colour ;  this  measure  is  rich  in 
fossils,  of  shells,  teeth,  spines,  crustaceans,  and  plants.  The 
measure  yields  about  1,500  tons  per  acre,  but  does  not  command 
so  high  a  price  as  those  already  mentioned. 

The  Pennystone  measure  is  a  remarkable  series  of  nodules, 
yielding,  where  well  developed,  from  2,200  to  2,600  tons  per  acre. 
It  is  found,  however,  to  thin  out  in  its  passage  to  the  southern 
part  of  the  coal-field,  but  is  no  longer  wrought  to  any  consider- 
able extent.    The    Pennystone    nodules    are    generally  small, 

1 1 


482  COAL  AND   IRON  INDUSTRIES.  [part  ii. 

brown,  and  with  an  irregular  fracture,  frequently  containing  calc 
spar  in  thin  films  filling  cracks  of  contraction,  as  well  as  a  white 
powder,  which  is  sometimes  sulphate  of  baryta,  at  others  hydrous 
silicate  of  alumina.  The  lowest  measure  in  the  series  is  the 
Crawstone  ironstone,  and  was  formerly  worked  in  the  southern 
part  of  the  coal-field.  It  was  said  to  make  an  unusually  strong 
iron,  and  in  appearance  has  a  singular  brownish  look,  rough- 
grained  nodules  occurring  embedded  in  a  finely-granular  sand- 
stone, and  is  no  longer  accounted  an  ore  of  importance.  Mr.  W. 
W.  Smyth,  referring  to  these  ironstones,  remarks : — "  The  exten- 
sive piles  in  which  the  ironstone  is  stacked  at  the  surface,  in  order 
to  allow  it  by  weathering  to  be  easily  freed  from  shale,  allow  of  an 
easy  inspection  of  large  quantities  of  it ;  and  perhaps  nothing  is 
more  striking  than  the  evidence  that  when  in  a  soft  state  it  has 
been  pierced  by  burrowing  worms,  which  have  left  heaps  of  excre- 
tions at  the  doors  of  their  dwellings.  The  surface,  indeed,  of  some 
of  the  flat  nodules,  diversified  by  those  little  mounds,  and  by 
tracks  and  small  markings  of  many  kinds,  reminds  one  strongly  of 
the  muddy  or  silty  flats  on  some  of  our  own  shores.  The  tubular 
cavities  are  now  filled,  sometimes  with  earthy  matter  and  some- 
times with  zinc  blende,  a  metallic  mineral  which  in  a  brilliantly 
crystalline  state  often  accompanies  the  vegetable  remains." 

Analyses  of  the  Ironstone. — The  ironstones  of  Shropshire 
have  been  very  fully  examined  and  described  in  the  "Memoirs 
of  the  Geological  Survey  of  Great  Britain,"  Part  IV.,  in  which 
will  be  found  a  description  of  the  coal-field,*  followed  by  a  series 
of  analyses  made  in  the  Royal  School  of  Mines  in  Dr.  Percy's 
laboratory,  and  from  which  many  of  the  above  facts  have  been 
tiiken  ;  the  analyses  having  been  made  by  Mr.  John  Spiller. 

The  Black  Flats  is  thus  described : — Clay  ironstone,  easil}*^ 
scratched  by  a  steel  point ;  colour,  dark  grey ;  fracture,  sub- 
conchoidal;  structure,  minutely  crystalline.  The  specimen 
contains  a  small  quantity  of  white  clay,  distributed  in  the  cavities 
of  contraction. 

The  Blue  Flats  of  Donnington  Wood,  and  the  White  Flats  of 
the  same  locality,  are  somewhat  similar  in  character,  the  foimer 
containing  veins  of  clay  irregularly  disposed,  and  the  latter 
permeated  in  some  i^arts  bj^  veins  of  shale.  The  results  of  exami- 
nation appear  in  the  annexed  table  : — 

♦  "  Iron  Ores  of  vheat  Diitain,"  Part  IV.,  pp.  242,  24o,  24C. 
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Results  Tabulated. 


1 

Constituents. 

Black  Plate. 

Blue  Flats. 

White  Flail. 

Protoxide  of  iron 

48-28 

46-30 

44-33 

Protoxide  of  manganese       .     . 

0-82 

0-82 

1-00 

Pei-oxide  of  iron 

106 

Alamina 

0-67 

0-48 

0-92 

liime        ..... 

2-26 

2-30 

2-86 

Man^esia 

Carbonic  acid   .... 

1-83 

2-01 

1-97 

32-98 

31-68 

30-92 

Phosphoric  acid   .        ... 

0-26 

0-50 

0-70 

Sulphurio  acid .... 

0-10 

0-11 

0-06 

Bisulphide  of  iron        .        .     . 

0-19 

0-08 

0-01 

Water  hygroscopic  . 

0-24 

0-28 

0.35 

Water  combined  .        .        .     . 

0-62 

0-81 

0-95 

Organic  matter 

0-62 

0-62 

0-38 

Ignited  insoluble  residue     .     . 

11-19 

13-24 

14-35 

100-06 

99-23 

99-86 

Ignited  Inso: 

LUBLE  ReSI] 

QUE. 

Silica 

7-36 

8-23 

9-90 

Alumina 

3-50 

3-78 

3-60 

Peroxide  of  iron 

0-53 

0-09 

0-56 

Lime 

0-08 

trace 

0-12 

Magnesia 

trace 

007 

trace 

Potash 

Metallic  iron    .... 

0-10 

0-33 

0-24 

11-57 

1310 

14-42 

37-92 

36-49 

35-61 

It  is  observed  that  none  of  the  metals,  precipitable  by  sul- 
phuretted hydrogen  from  the  hydrochloric  acid  solution,  were 
detected  in  820  grains  of  the  Black  Flats  ore,  while  a  minute 
trace  of  a  reddish  metal,  probably  copper,  though  too  small 
to  identify,  was  detected  in  480  grains  of  the  White  Flats 
ore. 

The  Pennsrstone  of  Donnington  Wood  is  thus  described : — 
**  Nodular  clay  ironstone,  easily  scratched  by  a  steel  point ;  colour, 
pale  brownish-grey ;  fracture,  sub-conchoidal ;  structure,  compact. 
The  noflule  has  veins  of  contraction,  filled  with  white  crj^stals  oK 
sulphate  of  baryta,  and  a  white  pulverulent  form  of  the  sam*' 
substance ;  side  by  side  appear  analyses  of  the  same  measure  &« 
Madeley  Court,  and' of  the  Crawstone,  at  Madelej'^  Wood.'* 

I  I  2 


484 


COAL  AND   IRON   INDUSTRIES. 


[PAKT  II, 


Results  Tabxtlated. 


Pennyafcone. 

Pennystoue. 
Madeley 

. 

Constituents. 

Donningtou 
Wo<hT. 

Crawstone. 

Court. 

I 

Protoxide  of  iron 

45-08 

44-19 

51-45 

Peroxide  of  iron  .        . 

0-55 

•  ■  • 

»  •  • 

Protoxide  of  manganese   . 

1-69 

0-99 

0-54 

Alnmina 

0-43 

0-41 

0-43 

Lime 

2-95 

1-63 

2-13 

Masnesia 

Carbonic  acid  .... 

411 

3-40 

0-42 

3404 

32-02    ' 

33-31 

Phosphoric  acid  .        .        .     . 

0-4G 

0-29 

0-23 

Silica  soluble  in  hydrochloric  ) 
acid     .        .        .        .         ) 

0-57 

0-37 

•  •  • 

Sulphuric  acid     .        .        .     . 

trace 

0-06 

•  •  • 

Bisulphide  of  iron    . 

0-48 

0-43 

002 

Water  hygroscopic       .        .     . 
Water  combined 

0-30 

0-45 

0-19 

0-72 

1-31 

0-54 

Organic  matter    .                 .     . 

0-23 

0-42 

0-67 

Ignited  insoluble  residue . 

8-32 

13-50 

9-60 

99-93 

99-47 

99-53 

IGNITKD  InSOI 

iUBLE  KEsr 

DTJE. 

Silica  ...... 

5-66 

7-75 

6-83 

Alumina 

1-96 

4-64 

2-42 

Peroxide  of  iron  .        .        .     . 

0-26 

0-55 

0-43 

Lime 

0-16 

014 

trace 

Magnesia 

0-09 

0-08 

trace 

Potash 

Metallic  iron        .         .         .     . 

trace 

0-33 

0-16 

8-13 

13-49 

9-84 

35-63 

34-75 

40-27 

A  minute  trace  of  a  white  malleable  metal,  too  small  in  quantity 
to  identify,  was  found  in  800  grains  of  the  ore  in  the  second 
Pennystone ;  and  a  trace  of  lead  was  found  present  in  the  Craw- 
stone  ore  in  the  form  of  galena. 

Of  other  argillaceous  ironstones  raised  in  Shropshire,*  the  fol« 
lowing  analyses,  by  Mr.  Edward  Eiley,  of  the  "  Light  Clod,"  and 
"Dark  Clod,"  obtained  at  BiUingsley  Colliery,  at  Bridgnorth, 
will  show  the  general  character  of  tlie  ironstone  raised  in  the 
Forest  of  Wyre.  The  smelting  of  these  ironstones,  it  has  been 
stated,  was  formerly  an  industry  in  this  neighbourhood  previous 
to  the  introduction  of  railways,  and  it  is  said  that  the  iron  pro* 
dueed  was  of  very  good  quality : — 

♦  »*  Colliery  Gnardian,"  28th  November,  1879,  p.  868. 
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Eesults  Tabulated. 


ConfititucnU. 


Silica        .        . 
Oarbonate  of  iron 
Alumina  . 
Carbonate  of  manganese 

„        of  lime     . 

,,        of  magnesia 
Solphate  of  Bar^  . 
Phosphoric  acid  . 
Combined  water 
Moisture 
Sulphur    . 
Sulphate  of  lime  . 
Small  quantity  of  potash 
organic  matter    . 


Loss  by  calcination 
Iron  in  calcined  ore  . 
Metallic  iron 


Light  Clod. 


and ) 


9-99 
73-82 
06*02 
1-13 
1*16 
2-21 
3*25 
0*21 
1-00 
0-66 

trace 


99*44 


36-20 
48-33 
35-66 


Dark  aod. 


9-87 

74-72 

6-20 

1-16 

3-25 

2-15 

trace 

0-30 

1-66 

0-72 

0-03 

trace 


100-06 


28-64 
50-60 
36-01 


PMduction.  of  Ironstone. — The  great  bulk  of  the  ironstone 
employed  in  the  Shropshire  furnaces  is  obtained  from  the  coal 
measures  of  the  coal-field ;  these,  in  the  year  ISSS,  were  chiefly 
obtained  from  Donnington  Wood  and  its  vicinity,  and  from  the 
neighbourhood  of  Madeley  Wood,  Madeley  Court,  &c.,  and 
amounted  to  865,000  tons.  In  subsequent  years  the  production 
of  ironstone  appears  as  follows : — 


Year. 

Qtmntlties. 

Year. 

Quantitieii. 

TODM. 

Tons. 

1857 

325,000 

1869 

318,483 

1858 

150,500 

1870 

337,627 

1859 

197,589 

1871 

415,972 

1860 

165,500 

1872 

408,425 

1861 

223,400 

1873 

430,725 

1862 

225,400 

1874 

303,959 

1863 

247,200 

1875 

240,568 

1864 

454,000 

1876 

239,183 

1865 

273,810 

1877 

270,733 

1866 

285,907 

1878 

321,328 

1867 

250,000 

1879 

300,391 

1868 

278,541 

1880 

226,721 

The  value  of  the  ironstone  delivered  at  the  pit's  bank  in  the 
year  1857,  was  about  5s.  per  ton  on  the  average;  in  the  year 
1866,  according    to  a  writer    in    the   CoUiery    Guardian,  the 
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nverage  cost  of  extracting  in  the  Blue  Flat  ironstone  varied, 
according  to  circumstances,  fi'om  7«.  to  10«.  per  ton  ;  during  the 
same  year  the  White  Flats  ironstone  cost  from  9«.  to  lis.  per 
ton ;  and  the  Pennystone,  from  6«.  to  9s.  per  ton.  During  the 
years  from  1872  to  1876,  the  avei*age  price  at  the  pit's  bank  varied 
from  10s.  to  12a.,  while  during  the  past  few  years  the  average  price 
may  be  taken  at  10s.  per  ton.  The  following  details  of  individual 
districts  show  the  production  in  the  years  named : — 


Districts. 

1875. 

1874. 

1873. 

Tons. 

Tons. 

Tons. 

Haycop .... 

•  •  • 

620 

•  •  • 

Ketley 
LiUesnall 

7,673 

9,322 

9,014 

92,160 

87,558 

102,530 

Madeley  Court  . 

17,752 

18,335 

21,414 

Madeley  Wood 

•  •  • 

29,902 

•  •  • 

Qiiinta 

■  «  • 

20 

•  ■  • 

Sandback 

•  •  a 

960 

•  •  • 

Wombridge 

10,356 

7,242 

8,234 

Dawley  . 

•  •  • 

■  •  • 

35,679 

Coalbrookdale    . 

•  •  • 

•  •  • 

23,026 

Old  Park 

•  •  • 

*  •  • 

10,828 

Pack  Moor 

9,000 

•  •  • 

1 

Ooppioe,  &c.  . 
Calcotts,  &c. 

120 

■  ■  • 

... 

,      3,307 

•  •  ■ 

•  •  • 

Sundry  mines 

100,000 

150,000 

220,000 

Total     . 

1 

.     • 

240,568 

303,959 

430,725 

Yield  of  Ironstone  and  Cost  of  Froduction. — The  principal 
ironstone  measures  worked  in  Shropshire  in  1886,  according  to 
Thomas  Smith,*  were  as  follows,  showing  the  thickness  and 
cost  per  ton  of  working,  and  the  yield  of  ironstone  per  square 
yard : — 


Ironstone  Measures. 

Thickness. 

Yield  per  Yard. 

Cost  of  Getting  per  Ton. 

Yds.  Ft. 

Tons.  Cwts. 

£     ».      d. 

Pennystone    . 

2     0 

0     4 

0    6     3 

Black  ironstone          .     . 

1     1 

0     8 

0    2     7 

Brick  measure 

5     1 

0     6 

0    3    7 

Ball  stone .        .        •     . 

3     0 

0     5 

0    4    4 

Yellow  ironstone    . 

3    0 

0     5 

0    2    0 

Blue  Flats         .        .    . 

2     0 

0     6 

0    4    2 

White  Flate  . 

2    0 

0    4 

0    6    7 

Penny  ironstone        .    . 
Total . 

8    0 

1     4 

0     5    0 

26     2 

3     2 

1  14    6 

"  Miner's  Guide,"  1836,  p.  128. 
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The  average  yield  per  square  yard  of  the  eight  measures  giving 
62  cwts. ;  the  cost  of  getting  each  ton  of  ironstone  being  88.  Hd,, 
this  including  dead  work,  28.  6d.,  and  royalty,  Is,  per  ton.  The 
total  produce  per  acre  of  the  measures  giving  13,794  tons  of  iron- 
stone ;  the  royalty,  1«.  per  ton ;  and  per  acre,  £689  14«. ;  the 
average  getting  of  each  man  daily  amounting  to  24  cwts.  3  qi's. ; 
and  in  the  week  of  five  days,  6  tons  8  cwts.  2  qrs. 

Pig  Xron  Manufacture. — The  early  history  of  this  industry  is 
intimately  associated  with  Shropshire  and  especially  with  the  Coal- 
brookdale  Ironworks.  When,  in  the  beginning  of  the  last  cen- 
tury, the  exhaustion  of  our  forests  and  woodlands  was  imminent, 
occasioned  by  the  demand  for  the  necessary  charcoal  fuel,  attention 
was  directed  to  the  useful  application  of  coal  in  the  blast  furnace. 
The  difficulties,  however,  were  considerable,  and  it  was  not  until 
Mr.  Abraham  Darby,  between  the  yeai's  1730  and  1785,  at  the 
Coalbrookdale  Works,  successfully  solved  the  problem,  that  the 
use  of  coal,  previously  coked,  came  into  use  in  the  reduction  of 
the  ores  of  iron  in  the  blast  furnace. 

The  new  era  opened  out  by  Darby's  success  in  the  application 
of  coke  renders  this  a  fitting  place  to  give  the  following  account 
of  his  early  attempts  : — * 

"Young  Abraham  Darby  entered  upon  the  management  of  the 
Coalbrookdale  Ironworks  about  1730.  As  the  supply  of  charcoal 
was  fast  failing,  Abraham  Darby  attempted  to  smelt  with  a 
mixture  of  raw  coal  and  charcoal,  but  did  not  succeed.  Between* 
1730  and  1735  he  determined  to  treat  pit  coal  as  his  charcoal 
burners  treated  wood.  He  built  a  fire-proof  hearth  in  the  open 
air,  piled  upon  it  a  circulai*  mound  of  coal,  and  covered  it  with 
clay  and  cinders,  leaving  access  to  just  sufficient  air  to  maintain 
slow  combustion.  Having  thus  made  a  good  stock  of  coke,  he 
proceeded  to  experiment  upon  it  as  a  substitute  for  charcoal.  He 
himself  watched  the  filling  of  his  furnace  during  six  days  and 
nights,  having  no  regular  sleep,  and  taking  his  meals  at  the 
furnace  top.  On  the  sixth  evening,  after  many  disappointments, 
the  experiment  succeeded,  and  the  iron  ran  out  well.  He  then 
fell  asleep  in  the  bridge-house  at  the  top  of  his  old-fashioned 
furnace  so  soundly  that  his  men  could  not  wake  him,  and  carried 
him  to  his  house  a  quarter  of  a  mile  distant." 

•  Percy's  MetaUurgy,  « Iron  and  Steel,"  p.  888. 
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It  may  also  be  mentioned  that  it  was  at  the  above-named  works 
that  Mr.  Abraham  Darby's  father  had  previously  introduced  the 
art  of  casting  iron,  and  that  at  a  later  period  the  first  iron  bridge 
constructed  in  this  country  was  successfully  carried  out,  and  is 
that  which  at  the  present  time  spans  the  river  Severn  at  the 
thriving  town  of  Ironbridge. 

Darby,  in  the  year  1785,  having  succeeded  in  making  pig  iron 
with  coke,  experienced  a  new  difficulty,  that  of  securing  blast  of 
sufficient  pressure  to  ensure  the  complete  utilisation  and  com- 
bustion of  the  hard  dense  coke  in  the  furnace,  and  it  was  not 
until  a  quarter  of  a  century  later  that  his  difficulty  was  overcome 
by  the  introduction  of  powerful  blowing  machinerj'-,  in  which 
Smeaton  led  the  way,  followed  by  Watt  and  others.  In  the  year 
1740,  when  the  total  production  of  pig  iron  in  England  and  Wales 
was  but  17,850  tons,  the  yield  of  59  furnaces,  that  of  the  six  furnaces 
then  in  operation  in  Shropshire  was  2,100  tons,  12  per  cent,  of 
all  made  ;  the  average  yield  of  each  furnace  being  850  tons.  In 
the  year  1754  the  ironworks  at  Horsehay  were  established  by 
Mr.  Abraham  Darby,  of  Coalbrookdale,  already  referred  to,  and 
two  years  later  the  first  furnace  was  blown  in.  It  is  recorded 
that  from  20  to  22  tons  of  coke  pig  iron  were  made  weekly,  and 
sucli  was  its  superior  quality  that  it  met  with  a  ready  sale. 
Advancing  to  the  year  1788,  when  the  total  production  of  pig 
iron  was  61,800  tons,  of  which  18,100  tons  was  charcoal  pig,  and 
48,200  tons  coke  pig,  the  make  of  the  Shropshire  furnaces  was  as 
follows : — 


Description.                                Farnaces. 

Pig  Iron. 

Ookeiron         .... 
Charcoal  iron       .                 .     . 

21 
3 

Tons. 
23,100 
1,800 

Total 

24 

24,900 

The  fact  of  the  Shropshire  furnaces  at  this  period  contributmg 
upwards  of  40  per  cent,  of  the  iron  made  in  England  and 
Wales  shows  the  importance  of  the  district  as  a  seat  of  iron 
manufacture. 

Towards  the  close  of  the  last  century  additional  light  was 
thrown  on  the  progress  of  the  iron  trade  of  tlie  country  by  the 
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inquiries  of  a  Committee  of  the  House  of  Commons^  presided 
over  by  William  Mamiing^  Esq.,  M.P.  From  the  investigations 
of  this  committee,  and  the  authority  of  Dr.  H.  G.  Macnab,  who 
represented  the  iron  trade,  we  learn  that  in  the  year  1796  the 
production  of  pig  iron  in  Great  Britain  was  126,079  tons,  of 
wliich  Shropshire  contributed  82,969  tons,  nearly  25  per  cent,  of 
all  made  at  this  period.  In  the  annexed  table  appear  the  works 
in  operation  in  1796  in  Shropshire,  the  number  of  furnaces,  and 
their  production : — 


Wi»rk8. 

1  Number  of 
FtimaceH. 

Pig  Iron  Made. 

Averoge  per 
Funioce. 

1 

Tour. 

Tons. 

Benthall 

1 

1,334 

1,334 

Broeeley    • 

1 

1,076 

1,076 

Ooalbrookdale 

1        3 

2,660 

886 

Donnington  Wood     .     , 

2 

3,323 

1,608 

Korsehay 

Jackfield    .        .        .     . 

1 

1,458 

1,458 

2 

1,820 

910 

Eetley   .        .        .        . 

3 

5,069 

1,689 

Light  Moor 

3 

3,499 

1,166 

M^eley  Wood 

1 

1,856 

1,856 

Old  Park  . 

.  i        3 

5,952 

1,984 

Snedshill 

2 

3,367 

1,683 

Willey       . 

Total . 

1 

1,555 

1,555 

23 

32,969 

1,433 

Thus  while  in  the  year  1740  the  average  make  per  furnace  was 
294  tons,  it  increased  in  the  year  1796  to  1,488  tons,  from  which 
fact  it  will  be  seen  that  the  furnaces  will  have  been  reconstructed 
and  their  capacity  greatly  increased.  In  1796,  when  the  produc- 
tion of  the  Shropshire  fmnaces  was  82,969  tons,  the  only  other 
iron  making  districts  in  Great  Britain  exceeding  this  was  South 
Wales,  producing  84,101  tons ;  Scotland  following  with  15,186 
tons  ;  South  Staffordshire  with  18,210  tons  ;  the  West  Riding  of 
Yorkshire  with  10,898  tons ;  Derbyshire  with  9,656  tons ;  North 
Staffordshire  with  1,959  tons ;  and  the  charcoal  furnaces  of  Sussex 
with  178  tons.  The  beginning  of  the  present  century  was  marked 
by  the  establishment  of  several  new  works,  an  increase  in  number 
and  capacity  of  the  furnaces  and  production  of  pig  iron.  Thus 
in  the  year  1806  we  have  the  subjoined  details  of  works,  furnaces 
built,  and  in  blast,  and  make  of  pig  iron  in  Shropshire,  showing 
an  increase  of  21,997  tons  in  a  period  of  ten  years,  equal  to  66 
per  cent. : — 
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Works. 


FURNACES. 


BuUt. 


In  Blast 


Bornots  Leasow 
BenthaU    . 
Billingsley     . 
Broseley    . 
Calcott  . 
CleeHiU  . 
Coalbrookdale 
Combrook 
Donnington  "Wood 
Horsehay  . 
Light  M!oor    . 
Ketley 

Madeley  Wood 
New  Hadley 
Old  Park 
Queenswood 
Snedfihill 
WiUev       . 
Wrockwardine 

Total     . 


The  total  production  of 


Xos. 
1 

2 
1 
5 
1 
2 
1 
3 
2 
3 
4 
2 
2 
4 
1 
3 
1 
2 


Nos. 
1 
1 
0 
1 
1 
1 
2 
1 
2 
2 
3 
2 
2 
2 
4 
1 
2 
0 
2 


Fig  Iron  Made. 


42 


30 


Tons. 
574 
1,294 

1,450 
2,269 

303 
2,962 

292 
3,400 
3,834 
5,601 
7,510 
2,951 
3,612 
8,359 
2,605 
3,950 

4,000 


54,966 


pig  iron  in  Great  Britain,  in  the  same 


year,  was  243,851  tons,  distributed  as  follows : — 


Districts. 


FITRNACES, 


Built 


England 
Wides,  North 
,,      South 
Scotland    . 

Total. 


NOH. 

140 

4 

45 

27 


216 


In  Blicst 

Out 

Nos. 

Nos. 

105 

35 

3 

1 

35 

10 

18 

9 

161 

do 

Pig  Iron  Made. 


Tons. 

149,163 

2,981 

68,867 

22,840 


243,851 


Shropshii-e  at  this  period  contributed  upwards  of  20  per  cent, 
of  the  iron  produced  in  the  kingdom,  while  the  average  make  of 
her  blast  furnaces  had  increased  from  1,433  tons  in  the  year 
1796  to  1,832  tons  in  the  year  1806. 

Advancing  to  the  years  1831 — 32,  when  an  inquiry  was  con- 
ducted for  the  Government  by  Mr.  F.  Finch,  it  was  ascertained 
by  that  gentleman  that  in  the  years  1823  and  1830  the  furnaces 
in  operation,  and  the  make  of  pig  iron  in  Shropshire,  were  as 
follows : — 
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1 

823. 

1830. 

Works. 

Number  of 

llg  Iron 
Made. 

Number  of 

IMff  Iron 
Made. 

1  Funiap<is. 

Furnaces. 

Tong. 

Tonji. 

Broseley 

2 

■  ■  • 

2 

270 

Barnets  Leasow 

•        • 

2 

2,100 

2 

1,316 

Benthall 

1 

•  ■  • 

1 

•  •  • 

Oalcottd     . 

• 

1,833 

2 

•  •  ■ 

Ooalbrookdale 

2 

2 

Dawley  Oastle  . 

1 

1        2 

4,925 

2 

4,312 

Dozmington  . 

i        3* 

8,074 

5 

15,110 

Horsehay  . 

1 

:     3 

4,854 

3 

6,833 

Kadley  . 

1 

1        2 

2,080 

2 

•  •  • 

Ketley 

1 

3 

4,984 

3 

5,763 

Light  Moor    . 

1 

'        3 

6,052 

3 

6,194 

Madeloy  Wood  . 

'        3 

2,475 

3 

3,471 

Old  Park 

» 

4 

6,900 

4 

15.300 

Snedshill  . 

2 

2,786 

2 

317 

Wombridge    . 

» 

I        2 

5,084 

3 

7,m 

Wrockwaraine  . 

1        2 

5,121 

2 

•  «• 

Stirchley 

9 

•  ■  ■ 

•  •• 

4+ 

... 

Lawley     . 

•  •  • 

■  •  • 

1 

3,073 

Laagley 

•  •  • 

■  •  • 

2 

4,325 

Total     . 

m 

;      38 

1 

57,923 

48 

73,418 

The  aggi'egate  production  of  pig  ii'on  in  the  year  1828^  in  the 
works  of  Great  Britain,  was  454^66  tons,  increased  in  the  year 
1880  to  678,417  tons,  equal  to  an  increase  of  50  per  cent.,  while 
in  the  works  of  Shropshire  the  increase  between  the  same  years 
was  15,495  tons,  or  26  per  cent. 

It  was  between  the  above-named  years  (in  1828)  that  the  Hot 
Blast,  the  invention  of  Mr.  James  B.  Neilson,  was  introduced ; 
and  returns  in  subsequent  years  show  the  important  influence 
exercised  in  increased  production,  more  especially  in  Scotland. 
Later  the  system  was  adopted  in  England  and  Wales,  though 
but  partially  in  some  districts,  as  for  example  the  West  Biding 
of  Yorkshire,  North  Staifordshire,  South  Wales,  and  in  this 
district,  where  some  of  the  works  still  employ  cold  blast  in  the 
furnace,  producing  iron  of  a  superior  quality,  which  is  in  great 
request. 

The  next  return  is  for  the  year  1889,  on  the  authority  of 

*  Two  furnaces  were  biiilt  at  Donnington  in  1828,  in  the  place  of  the  two  at 
Wfockwardine  which  were  blown  out. 
t  The  quantity  made  in  1830  is  included  in  the  Old  Park  return. 
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Mr.  Bobeit  Mashet,*  who  states  that  of  the  84  furnaces  built  in 
Shropshire  at  that  date  29  were  in  blast,  and  produced  80,940 
tons,  giving  an  average  yield  to  each  furnace  of  2,791  tons. 
Again,  in  1840  we  find,  from  Mr.  William  Jessop's  inquiries, 
that  of  the  total  furnaces  built  24  were  active,  and  produced 
82,750  tons  of  pig  iron,  consuming  in  its  manufacture  409,000 
tons  of  coal,  the  average  yield  per  furnace  being  3,448  tons  of 
iron,  with  an  average  of  neai*ly  5  tons  of  coal  to  each  ton  of 
iron  made. 

The  returns  a  few  years  later  show  a  falling  off  not  only  in 
Shropshire,  but  in  nearly  all  the  iron-making  districts  of  Great 
Britain — ^Northumberland  and  North  Staffordshire  excepted. 
Thus  in  1848  the  production  had  fallen  to  1,215,850  tons,  com- 
pared with  1,896,400  tons  in  the  year  1840 ;  the  make  of  the 
Shropshire  furnaces  being  respectively,  in  each  of  the  same  years, 
76,200  tons  and  82,750  tons.  This  falling  off  was  due  to  de- 
pression of  trade,  which  was  general  throughout  the  industries  of 
the  country,  and  continued  from  1840  to  1845,  when  a  reaction 
set  in,  due  to  the  extension  of  the  railway  system,  leading  to 
increased  demand  for  iron  of  all  kinds  and  more  remunerative 
prices. 

The  results  of  these  changes  appear  in  the  returns  for  the  year 
1847,  when  of  the  628  furnaces  built  in  Great  Britain  488  were 
in  operation,  and  produced  1,999,608  tons  of  pig  iron,  of  which 
the  28  frunaces  in  blast  in  Shropshire,  out  of  a  total  of  84  built, 
yielded  88,400  tons,  or  an  average  of  8,157  tons  per  furnace. 

The  ii'on  industries  of  the  country  since  1847  have  bounded 
forward  at  a  rapid  pace,  to  meet  the  many  requirements  to  which 
iron  is  now  so  universally  applied ;  not  only  in  the  structural 
arrangements  of  our  public  buildings,  railway,  and  naval 
engineering  works,  but  also  the  many  other  works  of  national 
importance  to  which  it  is  now  so  generally  adapted. 

In  the  year  1852  Mr.  Braithwaite  Poole,  in  his  '^  Statistics  of 
Commerce,"  gives  the  production  of  pig  iron  in  Shropshire  as 
120,000  tons,  giving  an  average  of  4,444  tons  for  each  of  the 
27  furnaces  in  blast,  compared  with  8,157  tons  per  furnace  in  the 
year  1847.  In  1852  the  same  authority  gives  the  total  production 
of  pig  iron  in  Great  Britain  as  2,701,000  tons,  the  make  of  497 
furnaces  then  in  operation,  out  of  a  total  of  655  furnaces  built. 

♦  *'  Papers  on  Iron  and  Steel/'  p.  421 . 
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Advancing  to  the  year  1854,  of  the  84  furnaces  erected  in 
Shropshire  28  were  in  blast,  the  production  of  pig  iron  amoimt- 
ing  to  124,800  tons,  being  an  average  of  4,457  tons  per  furnace. 
In  the  annexed  table  will  be  found  the  number  of  furnaces  built, 
in  blast,  and  the  make  of  pig  iron  in  Shropshire  in  each  year 
since  1855 : — 


Year. 

TVRKACB8. 

Pig  Iron  Mailc. 

FCRNACIS. 

Pig  Iron  Made. 

lUHla 

Built 

In  BlAAt 

1 

Built 

In  Blast 

N08. 

Noi«. 

Tons. 

NOH. 

N08. 

Tonff. 

lSo5 

34 

26 

121,680 

1868 

29 

24 

145,159 

1856 

35 

27 

109,722      i 

1869 

29 

23 

197,443 

1857 

31 

26 

117,141 

1870 

29 

22 

112,300 

1858 

32 

25 

101,016      1 

1871 

25 

19 

129,467 

1859 

37 

30 

149,480 

1872 

29 

22 

133,046 

1860 

32 

26 

145,200 

1873 

29 

21 

135,149 

1861 

31 

22i 

140,791 

1874 

28 

20 

126,055 

1862 

31 

23 

125,981 

1875 

26 

20 

120,996 

1863 

31 

22 

135,557 

1876 

25 

16 

106,711 

1864 

30 

22| 

130,666 

1877 

23 

14 

102,180 

1865 

29 

23 

117,343      , 

1878 

28 

11 

80,965 

1866 

29 

23 

121,161 

1879 

23 

7 

60,790 

1867 

29 

22 

123,601      1 

1880 

1 

24 

12 

88,338 

During  the  past  few  years  Shropshire  shows  a  decrease  in  this 
branch  of  industry.  Of  the  ironworks  it  may  be  remarked  that 
the  LiUeshall  and  Haybridge  companies'  works,  and  those  at 
Madeley  Court,  are  the  most  recently  established.  These  works 
are  of  considerable  magnitude,  the  first  named,  at  Prior's  Lee, 
having  four  furnaces,  and  the  Lodge  Wood  works  five  furnaces, 
making  cold  blast  pig  iron.  These  works  are  situated  near 
Shifihall,  and  possess,  in  addition  to  the  furnaces,  extensive 
foundries  and  engineering  establishments,  where  locomotives  for 
colliery  purposes  are  made  on  a  large  scale.  The  works  of  the 
Haybridge  Company  are  also  situated  near  Shiffiiall,  while  those 
of  Madeley  Court  are  situated  near  Ironbridge. 

The  year  of  greatest  production  appears  to  have  been  in  1869, 
when  of  the  29  furnaces  in  the  Shropshire  works,  the  28  in  blast 
produced  197,448  tons,  compared  with  88,888  tons  in  1880,  when 
of  the  24  furnaces  in  the  district  but  12  were  in  operation. 

The  following  table  shows  the  names  of  the  works,  firms,  and 
fbmaces  built  and  in  operation  during  the  year  1880  in  Shrop- 
shire : — 
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IVTrtoVo 

PURMACES. 

1 
1 

1 

Built. 

In  Blast 

Hinkshay,  Shi&all 

LightMoorand  Dawley  Castle 

•Ketley,  Wellington         .     . 
Lodge  Wood,  Shiffnall . 
Prior's  Lee,  Shiffnall        .     . 
MadelBy  Wood,  Ironbridge  . 
Madeley  Court         .        .     . 
Old  Park       .... 

Haybridge  Iron  Co.,  Lim. 
(  Coalbrookdale  Iron  Co., ) 
{     Limited  .        .        .     ) 
Ketley  Co. 
LiUesiiall  Co.        .        .     . 

,y                                    ... 

Madeley  Wood  Co.        .     . 
William  Orme  Foster 
Edward  Cheney    .        .    . 

Total     . 

Nos. 

2 
4 

5 
4 
3 
3 
3 

Xos. 
0 

1 

3 
3 
3 

2t 
0 

24 

12 

Malleable  Ironworksy  Mills,  and  Forges.  —  The  earliest 
works  established  in  Shropshire  were  those  of  the  Coalbrookdale 
Iron  Company,  projected  about  the  year  1753.  They  are  situated 
at  Horshay,  near  Wellington,  and  comprise  forges  and  rolling 
miUs.  When,  in  1783  Mr.  Henry  Cort  introduced  his  system  of 
rolling  iron,  the  works  were  considerably  enlarged  and  rolling 
mills  erected.  The  site  of  the  Dale  was  originally  selected  for 
the  erection  of  an  iron  foundry,  on  account  of  the  facilities  it 
afforded  for  water  power  by  the  rapid  descent  of  its  brook  into 
the  river  Severn.  Water  power  has,  however,  long  since  been 
almost  entirely  superseded  by  steam  in  these  old-established 
works,  which  are  said  to  have  been  in  tlie  family  of  the  present 
j)roprietors  for  nearly  180  years,  during  which  period  they  have 
been  greatly  extended.  The  locality  is  described  as  a  picturesqife 
and  once  sequestered  valley,  now  busy  with  the  life  and  labour  of 
those  employed  in  the  foundries  and  workshops  of  the  company, 
the  latter  buildings  occupying  the  larger  portion  of  the  bottom  of 
the  Dale,  while  the  slopes  of  the  hills  are  occupied  by  coppice 
and  field,  and  by  the  houses  and  gardens  of  the  workmen  employed. 
A  local  authority  in  1856  estimated  the  annual  production  of 
finished  iron  at  these  works  at  15,000  tons,  consisting  of  bars  of 
all  sizes  and  sections. 

It  was  at  Coalbrookdale,  it  appears,  that  Cort  first  system- 
atically conducted  the  processes  of  puddling  and  of  drawing  out 


*  Works  recently  dismantled. 

+  One  furnace  a  part  of  the  year  only. 
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the  puddled  balls  through  grooved  rolls.  Dr.  Percy,  in  referring 
to  Cort's  claim,  says  :  "  With  respect  to  the  invention  of  grooved 
roMs,  it  has  been  maintained  that  Cort's  claim  is  invalidated  by 
the  old  patent  granted  to  John  Payne  in  1728/'  and  follows  with 
an  extract  from  the  specification  relating  to  grooved  rolls :  "  The 
improvement  in  the  manufacture  of  iron  consists  in  putting  certain 
ingredients  into  fusion  with  pig  or  sow-iron  ;  videlecit,  the  ashes 
of  wood  and  other  vegetables,  all  kinds  of  glass  and  sandever, 
common  salt,  argile,  kelp,  and  potash,  slegg  or  cinders  from  iron 
furnaces  and  forges ;  proportionable  parts  of  the  said  ingredients 
being  put  into  fusion,  or  melted  with  pig,  sow,  or  other  brittle 
iron,  which  will  make  the  like  change  as  charcoal  does  in  the  fire 
called  the  finery  in  common  forges,  and  will  render  the  same  into 
a  state  of  malleability,  as  to  bear  the  stroke  of  the  hammer,  to 
draw  it  into  barrs  or  other  forms  at  the  pleasure  of  the  workman, 
and  those  or  other  barrs  being  treated  in  the  same  melted  in- 
gredients in  a  long  hott  arch  or  cavern,  as  hereafter  is  described ; 
and  those  or  other  barrs  are  to  pass  between  two  large  metal 
rollers  (which  have  proper  notches  or  furrows  upon  their  surfass), 
by  the  force  of  my  engine  hereafter  described,  or  other  power, 
into  such  shapes  and  forms  as  shall  be  required."  The  engine 
consisted  of  a  large  vane  wheel,  hung  in  a  frame  in  the  side  of  a 
building,  the  pressure  of  the  in-current  of  air  being  directed  upon 
the  extremities  of  the  vanes. 

Dr.  Percy  further  adds,  "  That  something  very  like  grooved 
rolls  is  here  described  caimot  be  denied ;  but  there  is  not,  so  far 
as  I  am  aware,  the  slightest  evidence  to  show  that  Payne  ever 
attempted  to  carry  out  his  scheme  into  practice.  Indeed,  the 
l)roposal  to  work  the  notched  rolls  by  such  a  wheel  as  is 
specified,  pretty  clearly  shows  that  Payne  was  not  aware  of  the 
power  needed  to  drive  any  machinery  equivalent  to  puddle 
rolls." 

Following  the  establishing  of  the  Coalbrookdale  works,  about 
the  year  1783,  those  at  Ketley  are  amongst  the  oldest  in  the 
county,  indeed,  it  might  be  said  in  the  kingdom,  and  it  was  here 
the  first  iron  railway  was  laid  down  towards  the  close  of  the  last 
century;  the  Ketley  Works  are  well  known  in  the  commercial 
world  for  the  high  character  of  their  manufacture,  bars,  hoops, 

♦  MetaUurgy,  "  Iron  and  Steel,"  p.  035. 
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and  wire  rods.     Recently,  however,  these  old-established  works 
were  closed,  and  in  1879  dismantled. 

The  Snedshill  and  the  Coalbrookdale  Iron  Companies  are 
generally  regarded  as  the  largest  manufacturers  of  malleable  iron 
in  Shropshire,  possessing  considerable  resources  for  manufactur- 
ing and  producing  plates,  wire  rods,  and  hoops  of  the  best  varie- 
ties. The  first  named  works  were  originally  founded  by  Messrs. 
Samuel  Horton  and  William  Simms,  and  at  the  present  time 
exist  under  the  management  of  the  Snedshill  Bar-iron  Company. 
The  annexed  list,  the  latest  published  (1880),  shows  the  works 
existing,  their  owners,  together  with  the  number  of  mills  and 
forges  in  operation : — 


Works. 

Owners. 

Situation. 

No.  of 
Puddling 
Furnaces. 

No.  of 

Rolling 

MUlH. 

Castle,  Hadley    . 
Horsehay    . 
Stirchley         .    . 
Eagle,  Hollingd-  ) 

WONOd                     j 

Trench,  Uadley  . 
Shropshire  . 
Wombridge     .    . 
Haybridgo  . 
OldPark*       .    . 
Snedshill 

Messrs.  Nettlefolds 
Coalbrookdale  Iron  Co.    .        .     . 
Haybridge  Iron  Co. 

The  Eagle  Iron  Works  Co.,  T.im. 

The  Shropshire  Iron  Co.,  Lim.    . 

Wombridge  Iron  Co.,  Limited 
Haybridge  Iron  Works  Co.,  Lim. 
Old  Park  Iron  Co. 
Snedshill  Iron  Co.  • 

Total  of  County 

Wellington 

»» 
>» 

}i 

»» 

>» 
Shiflnal 

•                • 

27 
36 
14 

18 

32 

10 
10 

•  • 
36 

3 
5 
2 

3     • 

3 

3 

1 

•  • 

4 

183 

24 

The  pig  iron  employed  in  these  works  is  chiefly  furnished  by 
the  blast  furnaces  of  the  district,  those  of  Snedshill  being 
supplied  by  the  LilleshaU  Company's  furnaces  in  Shropshire, 
who  also  supply  the  Shelton  Bar-iron  Company's  works,  situated 
at  Hanley,  North  Staffordshire ;  while  the  Coalbrookdale  Com- 
pany's works  at  Horsehay  are  supplied  from  their  own  Light 
Moor  and  Dawley  Castle  furnaces. 

The  Haybridge  Iron  Company,  a  few  years  since,  added  a  new 
feature  to  the  manufacturing  industries  of  the  county  by  the 
introduction  of  suitable  machinery  for  the  manufacture  of  nails, 
an  industry  previously  carried  on  at  these  works  by  the  aid  of 
hand  labour. 

The  coal  employed  in  the  malleable  ironworks  of  Shropshire 
in  the  years  1872  and  1878  amounted  to  160,000  tons  in  each 
year,  giving  an  average  consumption  of  coal  to  each  puddling 

*  Works  standing. 


CHAP.  ZX.] 


SHROPSHIBE  IRON  INDUSTRIES. 


497 


furnace  of  900  tons,  and,  taking  the  quantity  of  coal  necessary  to 
convert  the  pig  into  finished  iron  of  various  forms  at  50  cwt., 
there  would  appear  to  have  been  about  64,000  tons  of  finished 
iron  produced  in  the  works  of  Shropshire  in  each  of  the  above 
years.  In  recent  years  the  consumption  of  coal  in  these  works 
has  been  approximately  ascertained  as  follows : — 


Year. 

Coal. 

Year. 

Coal. 

1872 
1873 

1874 
1875 

Tons. 
160,000 
160,000 
154,000 
146,000 

1876 
1877 

1878 
1879 

Tons. 
138,000 
134,500 
139,780 
141,329 

The  quantity  consumed  in  these  works  in  1880  amounted  to 
168,992  tons. 

Coal  and  Xron-ora  used  in  Maniifkctiire.-^Mr.  David  Mushet, 
in  his  papers  on  '^  Iron  and  Steel,''  states  that  four  tons  of  coke 
was  the  quantity  of  fuel  employed  in  the  year  1810  for  each 
ton  of  pig  iron  made  in  Great  Britain.  In  Shropshire  it  was 
ascertained,  about  the  year  1840,  by  Mr.  William  Jessop,  of  the 
Butterley  Ironworks,  that  the  quantity  of  pig  iron  made  was 
82,750  tons,  consuming  in  its  manufacture  409,000  tons  of 
coal,  or  nearly  five  tons  of  coal  to  each  ton  of  pig  iron  made. 
Mr.  William  Jessop  further  ascertained  that  the  total  Quantity  of 
pig  iron  made  in  Great  Britain  the  same  year  amounted  to 
1,896,400  tons,  consuming  4,877,000  tons  of  coal,  or  an  average 
of  3^  tons  of  coal  to  each  ton  of  pig  iron  manufactured. 

The  inquiry  instituted  by  the  Royal  Goal  Commission  shows 
that  in  the  year  1869  the  quantity  of  coal  employed  in  making  a 
ton  of  pig  iron  in  Great  Britain  did  not  exceed  three  tons,  and 
subsequent  inquiries,  instituted  by  the  Mining  Becord  Office, 
show  that  in  Shropshire,  in  the  years  1871  and  1872,  it 
amounted  to  the  same  average  quantity,  while  taking  the  iron- 
making  districts  of  the  kingdom  in  the  same  year  the  average  did 
not  exceed  51  cwts.  of  coal  to  each  ton  of  pig  iron  made. 

In  the  year  1872  and  following  years,  the  production  of  pig 
iron  in  Shropshire,  together  with  the  quantities  of  coal  and  ore 
used  in  its  manufacture,  will  be  found  in  the  annexed  state- 
ment :— 


K  K 
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Year. 

Pig  Iron. 

Coal  UseU. 

Ore  Used. 

AA-ERAOB  PER  TON. 

CoaL 

Ore. 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Tons. 

133,046 

135,149 

126,055 

120,996 

106,711 

102,180 

80,965 

60,790 

88,338 

Torn*. 

398,197 
407,876 
394,094 
370.000 
334,738 
276,241 
222,876 
156,507 
249,254 

Tons. 
385,000 
390,000 
364,500 
350,000 
307,500 
293,000 
231,060 
153,198 
218,650 

Cwts. 

60 
60 

62 
61 
63 
54 
55 
51 
56 

Cwts. 

57 
5S 
57 
57 
57 

57 
50^ 

m 

The  Shropshire  ore  jdelds  an  average  of  36  per  cent,  of 
metallic  iron,  other  ores  used  to  a  limited  extent  giving  a  higher 
yield ;  North  Staffordshire  ores,  86J  per  cent. ;  Northampton 
ores,  40  per  cent. ;  while  ores  used  in  small  quantities,  chiefly 
hematite,  yield  probably  not  less  than  50  per  cent,  of  metallic 
iron.  The  ores  used  in  Shropshire  in  each  of  the  following  years 
were  obtained  from  the  districts  named  : — 


DiHtricts. 

1873. 

1875. 

1879. 

1880. 

Shropshire     . 
North  Staffordshire   .     . 
Northamptonshire . 
Other  districts  .        .     . 

Total 

Tons. 

306,500 

6,500 

50,000 

27,000 

Tons. 

268,000 

7,200 

40,300 

34,500 

Tons. 

136,839 

6,380 

3,890 

7,089 

Tons. 

218,650 

1 

390,000 

350,000 

153,198 

218,650 

It  has  not  been  found  possible  to  determine  the  respective 
quantities  of  ore  furnished  by  various  districts  in  1880  as  in 
previous  years  ;  it  is,  however,  known  that  of  the  218,650  tons  of 
ore  reduced  in  the  blast  furnaces  of  Shropshire,  the  approximate 
quantity  of  ironstone  supplied  by  the  district  amounted  to  not 
less  than  200^000  tons. 


CHAPTER    X. 

NORTH    STAFFORDSHIRE   IRON    INDUSTRIES. 

DescTiption  and  Analyses  of  the  Ironstones  of  the  Coal  Measores — Ghoniet  Vallejr 
Ore  and  Analjais — Production  and  Distribution  by  Canal  and  Railway — Pig 
Iron  Manufacture — Early  History — ^Apedale  and  Silverdale  Iron  Wjoiks — ^Fur- 
naces in  Blast  and  Production  of  Pig  Iron — Malleable  Iron  Works  and  Coal 
used — last  of  Works  in  1880 — Coal  and  Iron  Ore  used  in  Manufacture — Dis- 
tricts furnishing  Ore. 

DMoriptioii  and  Analyses  of  the  Ores. — The  ironstones  of 
North  Staffordshire  are  very  fully  described  in  the  ^'  Iron  Ores 
of  Great  Britain,"  Part  IV.,  by  Prof.  W.  W.  Smyth,  F.R.S., 
and  complete  analyses  are  published  by  Dr.  Percy,  F.B.S., 
made  in  his  laboratory  in  the  Royal  School  of  Mines,  in  the 
same  Memoir.     The  more  important  are  the  following : — 

The  "Bed  Shag,"  Shelton  Colliery,  Hanley  and  Apedale, 
Newcastle. — Clay-iron  ore ;  colour,  dark  brown  to  black ;  struc- 
ture, compact,  with  reddish  brown  flattened  impressions  of  fossil 
shells. 

"Oatter  Xme,"  Shelton  Colliery,  Hanley. — This  ore  is 
^'  composed  of  alternate  layers  of  clay,  ironstone,  coaly 
matter  and  fossil  shells ;  the  clay-ironstone  predominating 
towards  the  middle  of  the  specimen."  It  readily  cleaves  in  the 
direction  of  the  plane  of  stratification,  the  shells  thus  displayed 
bearing  the  evidence  of  compression  in  a  direction  perpendicular 
to  the  plane  of  cleavage.  A  small  quantity  of  zinc  blende  was 
found  in  the  ore. 

"Bed  Xme,"  Apedale,  is  a  clay-iron  ore,  consisting  of  thin 
layers ;  colour,  various  shades  of  dark  brown ;  structure,  compact. 
Minute  crystals  of  galena  and^zinc  blende  occur,  sparingly  diffused 
through  the  ore. 

Analyses  of  these  ores  and  the  *'  Bassy  Mine  "  appear  in  the 
annexed  table.  That  of  the  "  Gutter  Mine  "  by  Mr.  John 
Spiller,  the  others  by  Mr.  A.  B.^Dick : — 
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EEauLTs  Tabttlated — ^Oeb  dried  at  100°  0. 


Conatituents. 


Protoxide  of  iron 
Peroxide  of  iron  . 
Protoxide  of  manganese 

AlnTnin(>. 

Lime        . 
Maffnesia 
Oarbonic  acid  ^ . 
Phosphoric  acid  . 
Sulphuric  acid . 
Bisulphide  of  iron 
Water      . 
Org^anic  matter    . 
Ignited  insoluble  residue 

Total 


Red 

Shag. 


46*53 

2-54 
0-97 
2-41 
1-39 

30-77 
0-69 
0-04 
0-34 
1-47 

10-46 
2-27 


Gutter 
Mine. 


Red 
Mine. 


34-22 
0-68 
2-87 
0-23 

11-91 
1-44 

32-52 
0-87 
0-12 
0-35 
0-98 
8-93 
4-57 


50-73 
0-45 
1-86 
0-26 
2-52 
1-26 

33-89 
0-73 
0-08 

0-30 

* 

6-41 
0-72 


99-88 


99*69 


99-21 


Baasy 
Mine. 


45-53 
5-00 
1-74 
0-32 
2-91 
2-13 

32-12 
0-86 
0-08 
0-37 
2-29 
5-20 
1-95 


100-50 


lONlTXD  InSOLTTBIS  BeSIDTJE. 


Silica 
Alumina 
Peroxide  of  iron 
Lime   .... 
Potash      . 
Magnesia     . 

Total 

Metallic  iron 


1-93 

3-13 

0-38 

0-25 

1-12 

0-32 

005 

0-33 

•  •  • 

0-03 
0-20 

traces. 

003 
014 

•  •  • 

'     ... 

■  •  • 

2-46 

4-58 

0-87 

36-39 

27-33 

39-84 

1-36 
0*42 
006 

O'ho 


1*89 


3913 


It  is  further  observed^  in  reference  to  the  foregoing  analyses^ 
that  no  metal  precipitable  by  sulphuretted  hydrogen  from  the 
hydrochloric  acid  solution  was  detected  in  750  grains  of  the 
Red  Shag  iron  ore ;  while  in  the  "  Gutter  Mine  **  distinct  traces 
of  lead  and  copper  were  detected  in  760  grains  of  the  ore. 
Again,  in  the  **  Red  Mine  "  and  "  Bassy  Mine  "  no  metals  pre- 
cipitable under  similar  conditions  were  detected  in  680  grains 
of  the  fonner  and  1,180  grains  of  the  last  named  ore. 

The  ironstone  is  calcined  at  the  mine's  mouth  with  inferior 
coal.  Before  the  operation  it  varies  in  richness  from  84  to  58 
per  cent,  of  protoxide  of  iron  and  afterwards  runs  as  high  as 
90  per  cent,  of  the  peroxide.  The  following  will  show  the 
general  conditions  of  the  raw  and  calcined  ores  of  the  '^Red 


Undetermined. 
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Shag"  and  "Red  Mine''  ironstones  already  referred  to  and  in 
extensive  use  in  North  Staffordshire.  The  following  analyses  are 
by  Mn  W.  H.  Merritt,  Associate  of  the  Royal  School  of  Mines : — 


Coustituents. 


Peroxide  of  iron 

Protoxide  of  iron 

Peroxide  of  manganese 

Protoxide  of  manganese 

Altunina  . 

Silica  .... 

Lime 

Magnesia    ; «     • 

Sulphide  of  iron 

Pho8]>horic  Add  . 

Comoined  water 

Carbon 

Carbonic  acid  . 

Total 

Metallic  iron 
Metallic  manganese 


RED  8HA0. 


Raw. 


45*30 

2-23 
0-32 
0-60 
0*64 
0-20 
0-32 
0-90 
1-07 
18*60 
29*92 


100-00 


35*40 
1*72 


Colclned. 


91*50 

•  • . 
4*12 

6*55 
0*86 
1*10 
0*34 

•  • . 
1-53 


100-00 


64*05 
2*97 


RED  MINE. 


Raw. 


50-90 
••  • 
1*76 
0-73 
1-13 
2-07 
0-80 
1*10 
0-62 
0-12 
8*75 

33-02 


100-00 


39-58 
1-35 


Calcined. 


92-52 

2-44 

6-59 
0-79 
1-79 
0*94 

6*93 


100-00 


64*77 
1*75 


The  other  important  measures  of  North  Staffordshire  reported 
upon  in  the  "  Iron  Ores  of  Great  Britain,"  are  the  following : — 

"Caimel  Xme,"  Apedale. — ^A  clay  ironstone;  colour^  dark 
grey ;  fracture,  subconchoidal ;  structure,  compact.  The  ore  is 
intersected  by  very  thin  veins  of  carbonate  of  lime. 

" P0imystone,"  Shelton  Colliery. — A  clay  ironstone;  colour, 
brown;  structure,  compact.  And  containing  crystals  of  zinc 
blende. 

Tlie  "  Deep  Xiiie  "  and  *^  Chalky  Mine  "  ironstone  measures, 
at  the  Folly  and  Shelton  Collieries,  are  described  as  clay  iron 
ores,  greyish  black  and  dark  brown  in  colour ;  structure,  compact. 
And  containing  minute  crystals  of  zinc  blende  and  pyrites,  as 
well  as  hydrated  silicate  of  alumina  and  carbonate  of  lime. 

The  analysis  of  the  Cannel  Mine  ironstone  is  by  Mr.  John 
Spiller,  the  others  by  Mr.  A.  Dick : — 


Note. — A  general  description  of  the  foregoing  ironstone  mensores  of  Nort^. 
Staifordahirc,  their  thickness  and  order  of  occurrence,  wiU  be  found  in  Fftrt  L, 
pp.  142, 143. 
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Gonstituentfl. 


Protoxide  of  iron 
Peroxide  of  iron 
Protoxide  of  manganese 
Alumina  . 
Lime   . 
Masnesia 
OarDonic  add 
Phosphoric  aoid 
Sulphuric  acid     . 
Bisulphide  of  iron    . 
Water  hygroscopic 
Water  combined 
Org;anic  matter    . 
Ignited  insoluble  residue 

Total 


Cannel 
Mine. 


41-80 

•  •  • 

2-16 
0-53 
507 

f3-03 

32-40 
1-40 

trace. 
0-04 
0-36 
0-71 
0-79 

10-81 


Peimy- 
stone. 


Deep 
Mice. 


46-35 
3-00 
1-61 
0-30 
1-93 
2-24 

32-46 
0-67 

trace. 
015 

1   1-43 

2-95 
7-29 


48-33 

2-99 
0-41 
1-52 
1-19 

32-76 
0-87 

trace. 

ro-19 

i    ••  • 
0-85 

1-17 
9-28 


99-10 


100-38    I    99-56 


Chalky 
Mine. 


5107 

2-36 
0-54 
1-74 
1-10 

33-63 
112 

trace. 
0-17 

0-99 

1-24 
5-18 


99-14 


Igkited  Insoluble  Besidtte. 


SiKca 

Peroxide  of  iron 

Lime 

Magnesia         •        •        .        • 
Potash 

Total    . 

Metallic  iron        •        .        .    . 


7-32 

5-78 

6-25 

3-28 

1-22 

2-41 

0-20 

0-11 

0-21 

0-04 

•  •  • 

•  •  • 

trace. 

•  ■  • 

•  •  • 

0-09 

0-18 

0-22 

10-93 

7-29 

9-09 

32-64 

38*29 

37-83 

3-02 
1-93 
0-12 


0-28 


5-35 


39-88 


Near  the  base  of  the  coal  measure  series^  and  in  the  neighbour- 
hood of  Froghall,  Ipstones,  and  Consall,  the  valuable  Chumet 
Valley  ore  occurs ;  a  calcareous  iron  ore  accidentally  discoTcred 
some  twenty-five  years  ago  by  a  Mr.  Bishop,  a  Comishmany  while 
a  search  was  being  prosecuted  by  explorations  in  depth  for  a  seam 
of  coal. 

This  Chumet  Valley  ore  exists  in  a  very  irregular  seam,  varying 
in  thickness  from  6  to  20  inches,  and  embedded  in  the  red  shales 
of  the  lower  coal  measures ;  it  is  really  a  limestone  highly  im- 
pregnated with  hydrated  peroxide  of  iron,  and  though  its  area  is 
limited  it  has,  in  past  years,  furnished  large  supplies  of  ironstone, 
which  have  recently  considerably  diminished,  and  its  ultimate 
exhaustion  may  at  no  distant  period  be  expected.  The  Chumet 
Valley  ore  is  not  calcined  previous  to  its  reduction,  but  is  em- 
ployed in  admixture  with  other  ores ;  the  large  amount  of  lime* 
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stone  it  contains  (14'61  per  cent.)  rendering  it  valuable  as  a 
flux. 

The  Froghall  ore  occuning  in  the  neighbourhood  of  Cheadle 
is  thus  described  by  Mr.  A.  Dick.  ''  Calcareous  hematite ; 
colour,  brownish  red ;  structure,  compact  and  homogeneous ;  a 
vein  of  calcareous  spar  occui*s  in  it."  The  following  results 
tabulated  show  its  composition : — * 

Eestjlts  Tabulated.— Obe  Dbied  at  lOCy*  0. 

Peroxide  of  iron 52-83 

Plrotozide  of  mangaBese 0*81 

Lime 14-61 

Magnesia 5*70 

Carbonio  acid 18*14 

Phosphorio  add 0*32 

Solphuric  acid 0*28 

Silica trace. 

Water 4*75 

Oiganio  matter .  1*30 

Ignited  insoluble  residue 0*04 

Total 98*78 

Metallic  iron 36*98 

By  passing  sulphuretted  hydrogen  through  the  hydrochloria 
acid  solution  of  450  grains  of  ore  and  reducing  the  precipitate 
before  the  blowpipe,  a  minute  trace  of  whitish  metal  was  ob« 
tained*    It  was  too  small  in  quantity  to  be  identified* 

The  argillaceous  ironstone  of  North  Staffordshire  is  calcined 
on  an  extensive  scale,  by  which  the  metallic  iron  is  concen- 
trated, the  bulk  considerably  reduced,  and  in  this  state  it  is 
largely  exported  to  South  Staffordshire  to  supply  the  furnaces 
of  that  district.  The  siliceous  and  argillaceous  ironstones  of 
the  district  lose  in  weight  b}'  calcination  from  80  to  86  per 
cent. ;  the  yield  of  metallic  iron  in  the  calcined  state  being  65 
per  cent.  The  ^*  Black  Band,"  or  carbonaceous  ironstone,  loses 
by  calcination  from  50  to  60  per  cent.,  and  even  more  by  weight, 
while  the  metallic  iron,  in  the  calcined  state,  yields  by  analysis 
nearly  70  per  cent.  This  high  percentage  of  metallic  iron  is 
not,  however,  secured  practically  in  the  blast  furnace  in  the 
process  of  smelting. 

Broduction  and  DUtribntion  of  Xnmstoae. — ^In  the  year  1855 
the  ironstone  raised  in  North  Staffordshire  amounted  to  512,000 

•  *•  Iron  Ores  of  Great  Britain/*  p.  291. 
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tons  of  which  210,500  tons  were  sent  into  South  Staffordshire. 
The  argillaceous  ore  sent  away  is  chiefly  calcined,  losing  by  the 
operation  about  one-third  of  its  weight,  in  which  form  it  yields, 
on  reduction,  66  per  cent,  in  the  blast  furnace.  Since  1856  the 
yield  of  the  mines  has  been  as  follows,  distinguishing  as  far  as 
possible  the  calcareous  ores  from  the  ores  of  argillaceous  car- 
bonate, the  average  value  of  which  may  be  taken  at  7».  per 
ton : — 


Year. 

Uydnited 
Oxide. 

Tirtw, 

1«56 

•  •  • 

1857 

349,947 

1858 

349,(K)0 

1859 

.'349,000 

1860 

482,729 

1861 

349,195 

1862 

500,834 

1863 

541,059 

1864 

297,000 

1865 

550,491 

1866 

462,371 

1867 

544,509 

Calcareous 
Hmmatite. 

Total. 

Tons. 

Tons, 

ft  •  • 

520,000 

300,000 

649,000 

350,000 

699,000 

275,000 

624,000 

250,500 

733,2J9 

150,000 

499,195 

146,600 

646,334 

140,750 

681,809 

285,760 

582,750 

275,000 

825,491 

149,872 

612,243 

250,000 

794,509 

In  subsequent  years  the  returns  include  raw  and  calcined  stone 
not  always  reduced  to  the  same  equivalent,  namely,  raw  stone ;  it 
will  therefore  be  more  convenient  to  follow  the  returns  of  distri- 
bution by  railway  and  canal  indicating  the  movement  of  ironstone 
in  the  district  and  to  places  beyond. 

Few  districts  possess  greater  facilities  for  the  transport  of 
minerals  than  that  of  North  Staffordshire,  traversed  by  the  Trent 
and  Mersey  Navigation  and  the  North  Staffordshire  Railway. 

The  annexed  statement  gives  the  total  quantities  of  iron  ore, 
calcined  and  raw,  Carried  by  the  above-named  canal  and  railway 
in  each  of  the  3'ears  since  1861,  increasing  from  849,198  tons  in 
1861  to  481,673  tons  in  the  year  1880.  The  respective  quantities 
carried  in  each  of  those  years  being  thus  distinguished  : — 


How  Distributed. 

1801. 
Quantities. 

1880. 
Quantities. 

Trent  and  Mersey  Navigation 
North  Staffordshire  Railway  .        .     . 

Total    .... 

Tons. 

231,965 
117,233 

Tona.          ' 
101,356 
380,317 

349,198 

481,673 
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Year. 

Canal. 

Railway. 

Total. 

Ton*. 

Tona. 

Tona. 

1861 

231,965 

117,233 

349,198 

1862 

292,515 

208,319 

500,834 

1863 

203,800 

337,259 

541,059 

1864 

280,648 

256,061 

636,709 

1865 

263,933 

286,558 

550,491 

1866 

283,637 

328,606 

612,243 

1867 

225,806 

318,703 

544,509 

1868 

192,657 

316,406 

509,063 

1869 

215,796 

380,098 

595,894 

1870 

207,118 

438,036 

645,154 

1871 

221,452 

509,055 

730,507 

1872 

213,246 

559,958 

773,204 

1873 

198,368 

464,983 

663,351 

1874 

153,161 

368,558 

521,719 

1875 

149,605 

363,746 

513,351 

1876 

120,606 

345,647  • 

466,253 

1877 

108,413 

333,504 

441,917 

1878 

92,209 

308,466 

400.675 

1879 

75,864 

299,030 

374,894 

1880 

101,356 

380,317 

481,673 

These  returns  give  the  output  of  ironstone,  wliile  a  reference 
to  the  following  table  shows  the  proportion  of  calcined  to  uncal- 
cined  stone,  and  gives  the  quantities  used  in  the  district.  The 
value  of  the  latter  in  the  j^ears  1872  and  1873  was  12«.  per  ton, 
and  in  the  year  1880  but  10«.  per  ton  : — 


nUtribnUon. 


Trent  and  Mertey  Karigation. 

Calcined  Ironstone  exiwrted . 
Calcined  Ironstone  used  in 

IMstrict  . 
Uncalcined   Ironstone  sent 

out  of  District    . 


Total  by  Canal  .... 

North  Staffordshire  Railway. 

Calcined  Ironstone  exported. 
Uncalcined  Ironstone    „ 
Calcined  Ironstone  conveyed ) 
to  local  Stations     .        .     J 
Uncalcined  Ironstone  ditto  . 

Total  by  Railway  .    . 

Total  by  Canal  and  Railway . 


1861. 

1864. 

Tons. 

Tons. 

103,791 

109,159 

15,435 

23,874 

112,739 

147.615 

231,965 

280,648 

68,884 
11,438 

125,715 
12,853 

32,693 

116,594 

4,218 

899 

117,233 

256,061 

349,198 

636,709 

1867. 


1870. 


1873. 


18 


1 1, 


Tons.       Tons. 

137,681  I  111,108 
14,618      48,663 

73,507      47,347 


225,806  207,118 


190,430 
7,156 

120,159 

958 


297,008 
13,167 

125,403 

2,368 


818,703 


544,509 


438,036 


646,154 


Tons. 

108,939 
37,421 


Tons. 

61,354 
28,725 


52,008   18,334 


198,368  108,413 


342.072 
13,646 

107,543 

1,722 


464,983 


663,351 


190,655 
10,281 

131,798 

770 


333,504 


441,917 


1879. 


Tons. 

53,123 
12,547 

10,194 


75,864 


180,898 
7.276 

106.739 

2,117 


299,030 


374.894 


1880. 


Tona. 

68.167 
7.802 

25.887 


101,366 


246.043 
12,014 

12,203 

229 


380,317 


481.673 


>. — The  earliest  evidence  of  the  manu- 
facture of  pig  iron  in  North  Staffordshire  is  afforded  by  a  return 
to  Parliament  in  the  year  1796,  when  it  was  ascertained  the 
only  works  existing  at  that  time  were  those   at  Apedale   of 
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Messrs.  G.  Parker  and  Co.,  and  Silverdale  of  Mr.  E.  Sneyd, 
the  furnace  at  Apedale  producing  2,100  tons  and  that  at  Silver- 
dale  2,600  tons,  or  a  total  of  4,700  tons ;  the  total  production 
of  pig  iron  in  the  furnaces  of  Great  Britain  the  same  year  being 
183,407  tons. 

In  the  year  1806  the  Apedale  furnace  produced  1,400  tons  and 
the  Silverdale  1,010  tons,  a  total  of  2,410  tons.  In  subsequent 
returns  for  many  yeai*s  the  production  of  the  district  is  included 
in  that  of  South  Staffordshire.  "When,  in  the  year  1889,  the 
make  of  the  seven  furnaces  then  in  operation  in  North  Stafford- 
shire was  ascertained,  it  amounted  to  18,200  tons,  and  in  1840 
to  20,500  tons.  Between  1889  and  1848  several  works  were 
established,  and  when  in  the  last-named  yeai*  a  Parliamentaiy 
return  appeared,  the  works  and  firms,  with  the  furnaces  built  and 
in  blast,  were  as  follows  : — 


Works. 


Owners. 


Apedale 

Etniiia    . 

KidBgrove 

Lane  End 

Madeley 

Silverdale 

Tonstall 


E.  E.  Heathcote 
Earl  Granville 
Thomas  Kinneraley   , 
W.  H.  Sparrow 
Thomas  Firmstone    . 
B.  Sneyd 
'Williamson  Brothers 

Totel 


rURNACES. 

' 

Pig  Iron. 

Built 

In  Blast. 

Tons. 

4 

4 

18,720 

3 

2 

7,280 

3 

3 

13,520 

3 

2 

8,320 

2 

1 

4,160 

2 

2 

7,280 

2 

2 

6,240 

i    19 

16 

65,520 

Comparing  the  average  production  per  fm-nace  in  the  year  1848 
with  previous  years  we  have  the  annexed  results.  In  1848  the 
average  was  4,095  tons ;  in  1840  but  2,600  tons  ;  while  in  1796 
the  average  did  not  exceed  1,566  tons. 

The  next  return  available  is  for  the  year  1852,  when  the 
number  of  furnaces  in  North  Staffordshii*e  increased  to  21,  of 
which  17  were  in  blast,  producing  90,000  tons  of  pig  iron,  giving  an 
average  make  per  furnace  of  5,296  tons.  Mr.  Braithwaite  Poole, 
in  his  "  Statistics  of  Commerce  "  for  the  same  year,  gives  the 
total  production  of  pig  iron  in  Great  Britain  as  2,701,000  tons, 
there  being  655  furnaces  built  at  that  time,  of  which  497  were  in 
blast. 

Mr.  Merritt,  in  his  paper  on  the  "  North  Staffordshire  Coal 
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and  Iron  District/'  *  refers  the  average  height  of  the  blast  furnaces 
of  this  district  to  from  50  to  70  feet^  and  that  those  using  coal 
will  not  stand  a  greater  height  than  the  latter^  to  which  most  of 
the  new  furnaces  are  being  raised,  and  as  the  coal  causes  a  little 
coking  in  the  hearth,  a  process  is  in  some  places  resorted  to  which 
is  seldom  met  with  elsewhere.  The  furnace  is  found  to  work 
better  if  the  sides  and  bottom  of  the  hearth  are  cleaned  once  in 
every  turn  of  twelve  hours,  and  this  is  done  by  running  in  long 
bars  to  loosen  the  crust,  which  is  then  blown  out  with  the  steam 
generated  from  a  bar  which  is  dipped  in  water  before  it  is  thrust 
into  the  furnace. 

Since  the  year  1854  the  following  figures  have  been  published 
showing  the  number  of  furnaces  built  and  in  blast,  with  the  total 
make  of  pig  iron,  and  side  by  side  appears  the  average  make  per 
furnace : — 


FURXACES. 

Year. 

Pig  Iron  made. 

Averagi"  i»er 

Funiace. 

Built 

InBUuit. 

No. 

No. 

TOIIH. 

Ton8. 

18o4 

28 

21 

1(H,000 

4,952 

186d 

28 

20 

101,500 

5,575 

1856 

28 

20 

130,560 

6,528 

1857 

28 

23 

134,057 

5,827 

1858 

28 

22 

135,308 

6,136 

1859 

29 

23^ 

143,500 

6,10() 

1860 

31 

25 

146,950 

5,878 

1861 

32 

;23i 

187,700 

7,987 

1862 

33 

23 

184,450 

8,020 

1863 

33 

25i 

176,504 

6,854 

1864 

35 

25 

217,996 

8,680 

1865 

35 

27 

206,268 

7,640 

1866 

35 

281 

210,335 

7,432 

1867 

35 

23 

202,332 

8,800 

1868 

36 

25 

229,913 

9,196 

1869 

37 

27 

231,913 

8,589 

1870 

43 

36^ 

303,378 

8,311 

1871 

35 

31 

268,300 

8,655 

1872 

36 

30J 

275,925 

8,973 

1873 

39 

31 

283,103 

9,132 

1874 

39 

28 

273,501 

9,739 

1875 

39 

26 

241,398 

9,284 

1876 

37 

25 

213,569 

8,543 

1877 

35 

25 

255,383 

10,215 

1878 

35 

24 

231,534 

9,648 

1879 

35 

23* 
23j 

210,374 

9,335 

1880 

36 

225,023 

9,943 

*  Read  liefore  the  New  York  Meeting  of  the  American  Institute  of  Mining 
Engineers,  February,  1880.    8ee  •'  Ck>lliei7  Guardian,*'  19th  March,  1880,  p.  448. 
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In  the  last  named  year^  the  works  and  firms  in  operation, 

with    the    number    of   fomaces    built    and  in  blast,   were    as 

follows : — 

North  STArpoBDSHiEE  Ieon  Wobks. 


Name  of  Works. 


Owners. 


rnasACEB. 


BuUt 


Apedale,  Newcastle 
Suyerdale        „ 
Biddulph  Valley  . 
Norton  and  Bayensdale 
Chatterley,  Tunstall 
Clongh  Hall,  KidsgroTe 
Goldendale,  Stoke 
Laoe  End,  Longton 
Shelton,  Hanley 
Longton  Hall 


Stanier  and  Co. 
Hobert  Heath  and  Sons 


>> 


it 


Chatterley  Iron  Co.,  Limited 
Kinneraley  and  Co. 
Williamson  Brothers 
Thos.  Goddard  and  Son 
The  Earl  Granville  . 
J.  and  A.  Gloyer  . 


Total  of  North  Staffordshire 


No. 

6 
2 
4 
4 
3 
4 
4 
2 
5 
2 


36 


In  Blast. 


No. 

2 

2 

4 

2 

1* 

4 

2 

0 

4i 
2 


23^ 


Malleable  Ironworks,  Mills,  and  Forges. — The  most  exten- 
sive of  these  in  North  Staffordshire  are  the  Messrs.  Bobert  Heath 
and  Sons',  situated  at  Biddulph  Valley,  Norton  and  Eavensdale, 
near  Tunstall,  possessing  an  aggregate  of  154  puddling  furnaces 
and  18  rolling  mills.  These  works,  when  fuUy  employed,  are 
capable  of  producing  from  1,500  to  1,600  tons  of  finished  iron  per 
week.  The  works  of  the  Shelton  Bar  Iron  Company  are  also  of 
considerable  magnitude,  possessing  upwards  of  90  puddling 
furnaces  and  8  rolling  mills.  The  proprietor  of  these  works  is 
the  Earl  Granville,  also  chief  owner  of  Lilleshall  works  in  Shrop- 
shire, which  establishment  furnishes  the  best  forge  pig,  largely 
employed  in  the  Shelton  Works.  The  works  of  North  Stafford- 
shire are  justly  celebrated  for  the  superior  quality  of  their  plates, 
which  are  largely  employed  in  our  shipbuilding  industries.  In 
the  manufacture  of  these  the  best  Shropshire  forge  and  hematite 
pig  of  the  west  coast  is  advantageously  used. 

In  the  year  1861  the  only  mills  and  forges  in  North  Stafford- 
shire were  those  of  Messrs.  Heath,  the  Shelton  Bar  Iron  Com- 
pany, and  the  Silverdale,  of  Messrs.  F.  Stanier  &  Co.,  possessing 
in  the  aggregate  189  puddling  furnaces  and  14  rolling  mills.  We 
have  no  indication  of  the  state  of  activity  in  these  works  beyond  the 
number  of  puddling  furnaces  and  rolling  mills  in  operation  from 

•  One  furnace  for  fiye  months  only. 
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year  to  year,  together  with  the  actual  quantities  of  coal  consumed 
in  manufacture.  The  details  under  Uiese  heads  are  as  follows^ 
since  the  year  1870  : — 


Year. 

Works. 

Pndarmc 
Furnaci'M, 

Rnlltng 
Mills. 

Coal  Usetl. 

Tons. 

1870 

8 

406 

38 

♦350,500 

1871 

8 

429 

40 

♦380,000 

1872 

8 

446 

41 

460,000 

1873 

8 

42o 

41 

465,000 

1874 

9 

454 

42 

369,801 

1875 

9 

444 

38 

303,924 

1876 

9 

433 

39 

299,235          ; 

1877 

10 

443 

39 

300,129 

1878 

10 

385 

38 

295,184 

1879 

10 

405 

37 

326,299 

1880 

10 

350 

34 

314,015 

The  annexed  table  presents  a  complete  list  of  the  works  in  opera- 
tion in  the  last  named  year,  together  with  the  number  of  puddling 
furnaces  and  rolling  mills  engaged  in  the  manufacture  of  the 
various  firms  of  bar  and  merchant  iron.  The  works  of  Messrs. 
Heath  possessing  very  powerful  appliances  for  the  manufacture  of 
anchors : — 


Name  of  Works. 

Nome  of  Fimi. 

SitiutfMl. 

No.  of 
PaddliDg 
Fomaces. 

No.  of 

Rolling 

Mills. 

Biddulph  Valley    . 
Norton      .        .        .     ( 
BaTonsftde    .                j 

Cheatertonf      .        .    | 

Chatterleyt   . 

Clough  Hall,  Kidsgrore . 

Shelton. 

BerryHiU                .    . 

Cliff  Yale 

SUyerdale  and  Knutton . 

Robert  Hea|h  and  Sons   .    . 

>»              >»          •        • 

Chesterton  Coal    and  Iron ) 
Co.,  Limited       .             / 
Chatterley  Iron  Co. 
Kinnersley  and  Co.  .        .    . 
Shelton  Bar  Iron  Co.    . 
William  Bowers               .    . 
Joseph  Bell  and  Son 
Stanier  and  Co.               .    . 

TunsUll 

n 

Stoke 

40 
65 

.  • 
56 
87 
22 
24 
66 

3 

7 

.  • 

•  ■ 
5 
8 
2 
3 
6 

Total  of  North 

Stafibrdshire 

.        .      • 

350 

34 

In  the  southern  part  of  Staffordshire  the  same  year  there  were 
125  works,  with  1,626  puddling  furnaces  and  811  rolling  mills, 
consuming  approximately  1,667,600  tons  of  coal. 

Coal   and   Iron  Ore  luied  an  Mannfiuitiire. — An  interesting 


*  Brtimated  qiiftntities. 


t  Workf  ftanding. 
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statement,  published  in  the  yeai*  1796,  gives  the  following  details 
of  the  quantity  of  coal  consumed  in  raising  coal^  ironstone,  and 
iron  ore  from  the  mine,  and  in  the  final  completion  of  one  ton  of 
iron  in  rods  for  the  manufacturer  :  * — 

PURPOSES  TO  WHICH  APPLIED.  ToDB.OwtS. 

Small  coal  in  the  blowing  engine 13 

,,          to  torrify  the  raw  material 0  11 

,,          to  work  the  hammer  engine        .                         .  0  18 

„          to  work  the  mill  engine 10 

Large  coal  coked  to  be  used  in  furnace         .  .85 

„          to  refine  the  pig  iron 12 

J,         in  puddling  mmaoe 13 

,,          in  the  heating  furnaces 1  15 

,y          in  the  mill  furnaces 0    7 

.  f  in  workmen's  houses  .        •        .        ..15 

, ,  in  steam  engines  to  draw  the  mine  and  draw  the 

ironstone  and  coal 0  19 

consumed  in  pitmen's  houses .        .        .*  0  12 


j» 


Total 19    0 


From  the  above  items  it  is  estimated  that  the  quantity  of  coal 
employed  in  the  manufacture  of  a  ton  of  pig  iron  was  little  short 
of  10  tons.  In  the  year  1810  it  appears,  on  the  authority  of 
Mr.  Mushet,  that  the  quantity  did  not  exceed  5  tons.  Again,  in 
the  year  1840,  it  is  stated  on  tlie  authority  of  Mr.  William  Jessop, 
of  the  Butterley  Ironworks,  that  the  quantity  did  not  exceed 
4  tons  1  cwt. 

In  the  year  1854  a  carefully  written  paper  by  Mr.  John  Hedley, 
of  the  Silverdale  Works,  on  the  "  North  StaflFordshire  Coal- 
fields,*' gives  the  following  as  the  proportion  of  coal  employed  in 
those  works  in  the  manufacture  of  a  ton  of  pig  iron ;  namely, 
42i  cwt.  of  coal,  and  18  cwt.  of  slack,  coked  for  the  furnaces, 
with  a  further  19  cwt.  of  slack  for  the  hot  blast  apparatus  and 
blast  engine,  or  a  total  of  74^  cwt.  of  coal  to  each  ton  of  pig  iron 
made. 

Already  the  make  of  pig  iron  in  North  Staffordshire  has 
been  given.  Since  the  year  1872  the  quantities  of  coal  and  iron- 
stone used  in  the  manufacture  of  pig  iron  have  been  ascertained, 
and  afford  reliable  data  for  comparison;  the  quantities  under 
€ach  head  appear  in  the  annexed  table  : — 

*  Macnab.    "  Observations  on  the  Coal  Trade,  &c.,  1801/*  p.  69. 
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Year. 

Pig  Iron. 

Ck)al  used. 

Iron  Ore  Used. 

Tons. 

Tons. 

Tons. 

1872 

275,925 

817,753 

723,400 

1873 

283,103 

830,119 

779,000 

1874 

273,501 

820,514 

752,600 

1875 

241,398 

703,000 

•      627,823 

1876 

213,569 

525.387 

562,348 

1877 

255,383 

578,428 

664,210 

1878 

231,534 

530,594 

612,326 

1879 

210,374 

430,432 

556,312 

1880 

1 

225,023 

434,171 

569,334 

In  tlie  year  1872  the  quantity  of  coal  used  in  the  production  of 
each  ton  of  pig  iron,  all  purposes  in  the  operation  included, 
where  heat  was  required,  gave  an  average  of  69  cwt.,  and  in  the 
following  year  the  average  was  somewhat  less,  indicating  a  watch- 
ful economy  in  -the  consumption  of  fuel. 

FoUowing  the  consumption  of  iron  ore  in  each  of  the  same 
years,  1872  and  1878,  in  the  make  of  pig  iron,  the  above  quanti* 
ties  give  an  average  of  52  J  cwt.  of  raw  uncalcined  stone  to  each 
ton  of  pig  iron  obtained  from  the  blast  furnace ;  the  greater 
proportion  of  the  ore  employed  being  native  mine  of  the  district. 
Other  ores  are  also  used  in  admixture,  which  are  imported  into 
the  district,  and  the  annexed  statement  will  show  approximately 
the  places  from  which  the  ores  were  obtained : — 


Source  of  Supply. 

1872. 

1873. 

1870. 

1879. 

1880. 

North  Staffordshire  . 
Oxfordshire  .        .        .     . 
Korthamptonahire 
Lincolnshire         .        .    . 
Various  places  . 

Total       .        .    . 

Tons. 

559,000 

3,200 

4,000 

13,450 

143,760 

Tons. 
602,694 
367 
4,333) 
11,326  1 
160,390 

Tons. 
385,000 

•  • 

25,337 
162,011 

Tons. 
363,200 

•  • 

18,216 
174,896 

Tons. 
364,280 

«  • 
•  • 

205,054» 

723,400 

779,000 

662,348 

666,312 

669,334 

Of  the  ore  derived  from  "  various  places  "  there  is  reason  to 
believe  that  some  portion  of  this  quantity  in  each  year  is  the 
produce  of  the  district,  the  remainder  being  furnace  nnill  cinder, 
containing  a  large  percentage  of  metallic  iron  and  some  hematite 
from  Lancashire. 

With  regard  to  the  cost  of  production,  it  is  stated  that  coal 
could  be  mined  in  1677  in  North  Staffordshire  at  a  little  over 


*  Including  some  ore  from  Northamptonshire  and  Lincolnshire. 


512 


COAL  AND  IBON  INDUSTRIES. 


PART  II. 


48.  per  ton,  and  the  ironstone  from  about  Ss,  to  Ss.  Qd,  per  ton. 
The  work  of  getting  is  let  out  at  so  much  per  ton  (averaging  in 
1877  from  2«.  to  8«.  per  ton),  the  contractor  employing  miners 
ivhose  daily  wages  average  4a.  In  the  same  manner,  by  taking 
the  immediate  wnges  at  the  blast  furnace  into  consideration,  a 
ton  of  pig  iron  could  be  produced  at  a  little  over  48.  a  ton  for 
labour.  It  will  be  remembered  that  wages  have  gone  down  since 
1877,  and  if  they  have  not  yet  reached  the  old  figure,  these  ap- 
proximate prices  would  have  to  be  reduced  still  more  to  arrive  at 
the  present  cost  of  production  in  this  district. 

An  average  charge  of  a  furnace  is  as  follows,  the  first  being 
the  quantities  used  for  Bed  Shag  alone,  and  the  second  for  a 
mixture  of  Bed  Mine  (raw  giving  50  per  cent.)  and  Lean  Mine 
(raw  giving  35  per  cent.). 


Materials. 

Coal  . 

Ore 

LimeBtone . 
Plue  cinder  . 


riRST. 


Cwt.  Qfh. 

29    0 

29    0 

2     2 
1     3 


SECOND. 

MateriuLs. 

Coal 
(  Bed  Mine 
\  Lean  Mine 

Limestone  . 

Flue  cinder 


Cwt  Qra. 

22     2 

19     1 

16     2 

5    0 

2     1 


The  consumption  per  ton  of  pig  iron  is  practically  as  follows  : 
Coal,  85  cwt.  3  qrs. ;  ironstone,  34*  cwt. ;  limestone,  8  cwt.  2  qrs. 
and  flue  cinder,  4  cwt.  2  qrs.* 

*  <*  Transactions  of  the  American  Institute  of  Mining  Engineers/'  Vol.  YIII.^ 
p.  333. 
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SOUTH  STAFFORDSHIRE  AND  WORCESTERSHIRE  IRON  INDUSTRIES. 

Description  of  Ironstone  Measures  of  Coal  Field — ^Analyses  and  Production  of 
Ironstone — Pig  Iron  Manufacture — Early  History — Sturtevant,  Ravenson,  and 
Dudley's  experiments  in  the  Use  of  Coal  previously  coked — Production  of  Pig 
Iron — Coal  and  Iron  Ore  used  in  Manufacture — CaJcination  of  Ores  in  Clamps 
and  Kilns — ^Works  in  operation  in  1880— Malleable  Iron  Works  in  1880,  coal 
used — Prices  of  Finished  Iron. 

Zronstone  Deposits. — The  measures  yielding  ironstone  exist 
abundantly  in  this  coal-field^  with  their  associated  beds  of  shale, 
in  which  fossils  are  found  in  great  profusion.  Professor  Jukes, 
in  his  Introduction  to  Part  II.  of  the  "Iron  Ores  of  Great 
Britain/'  remarks  that  it  is  the  middle  part  of  the  coal-field 
which  has  ever  been  largely  productive  of  ironstone,  and  in  a 
general  section  of  strata  gives  the  following  measures  of  ironstone 
and  the  varjring  thickness  of  the  strata  in  which  they  occur : — 


No. 


General  Section  of  Ironstone  Measures. 


L 

n. 
in. 

IV. 

V. 

VI. 

vn. 

vin. 
rx. 

X. 
XI. 

xn. 
xnr. 
xrv. 

XV. 


Brooch  Binds 

Pins  and  Pennyearth 

Broad  Earth,  Catch  Earth,  &c.        •        .        . 
Pouncill  Batt,  Blacktery,  and  Whitery 
Ghibbin,  caUed  "  little^'  or  "  Top  " 
New  Mine  or  White  Ironstone    , 

Measures  containing  Pennystone,  Ironstone, 
called  also  Bluestone  or  Cakes  . 

Measures  containing  the  Fire-clay  balls,  iron- 
stone occasionally 

(letting  Bock  Ironstone  (occasional) 

Poor  Eobin  Ironstone 

Bough  Hills  White  Ironstone  (occasional) 

Gubbin  and  Balls  Ironstone 

Blue  Flats  Ironstone       .        .        . 

Silver  Threads 

Diamonds 


Thickness. 

Feet 

7 

to  20 

6 

30 

6 

14 

2 

8 

2 

8 

2 

10 

10  „  25 

2.,  40 

4„  5 
3„  5 
2„  19 
0,.  10 
2„    9 

4„  7 
2„     3 


It  must  not,  however,  be  supposed  that  all  these  measnres  are 
found  vertically  one  under  the  other  in  any  one  part  of  the  coal- 
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field.  The  uppermost  are  known  only  in  the  southern  extremity, 
where  they  dip  to  the  south.  The  lowest  are  either  altogether 
absent  there,  or  do  not  contain  the  measures  which,  a  few  miles 
further  north,  are  rich  in  ironstone.  Towards  the  north,  on  the 
other  hand,  the  lowest  measures  '*  crop  out "  or  rise  towards  the 
surface,  and  it  is  therefore  not  possible  that  the  upper  measures 
should  be  found  there.  The  section  given  above  is  compiled 
partly  from  the  examination  of  the  southern,  partly  of  the  middle, 
and  partly  of  the  northern  part  of  the  district,  the  object  being 
to  enumerate  every  important  measure  of  ironstone  and  its  relative 
position  in  the  coal-field. 

Professor  Jukes  *  gives  the  following  description  of  the  above- 
named  ironstone  measures,  which  it  will  be  convenient  to  take  in 
the  order  of  occurrence : — 

/.  Brooch  Ironstone,  or  Binds — are  beds  of  clay  or  shale  be- 
neath the  Brooch  coal,  containing  ironstone  to  the  south-west  of 
Dudley,  where  the  measures  average  about  7  feet  in  thickness. 

//.  Pins  and  Pennyearth. — These  measures  take  their  name 
from  the  form  of  the  nodules  in  which  the  ironstone  occiurs* 
The  "  Pins  "  being  small,  round  or  cylindrical,  and  the  **  Penny- 
earth,"  small,  flattish  nodules,  like  pennypieces. 

III,  The  "  Ten-foot  Stone,'*  and  '' Backstone.*' — Known  also  as 
the  Broad  Earth,  &c.,  so  called  from  lying  immediately  above 
or  on  the  back  of  the  **  Thick  Coal,"  in  the  neighbourhood  of 
Brierley  Hill. 

IV.  The  "  Whitery,^*  or  Grains. — These  are  merely  occasional 
ironstone  measures,  consisting  of  light  and  dark  coloured  clunch, 
a  term  applied  to  course  tough  clay  of  the  coal  measures.  These 
measures  are  sometimes  absent,  and  where  they  contain  most 
ironstone  rarely  exceed  6  or  8  feet  in  thickness. 

F.  Chibbin. — Sometimes  called  the  "Little,"  or  "Top,"  or 
"  Thick  Coal  Gubbin,"  is  one  of  the  most  important  and  widely 
dijBfused  of  the  ironstone  measures  of  this  coal-field,  and  3*ields 
an  average  of  1,500  tons  per  acre,  the  thickness  of  the  measures 
varying  in  different  places  from  2  to  9  feet. 

VI.  New  Mine  Ironstone,  or  TVliitestone. — This  is  another 
widely  diffused  ironstone ;  it  is  a  light  coloiured  ironstone,  oc- 
curring in  large  nodules  lying  in  a  bed  of  clay,  which  is  called 


•  (1 


Iron  Ores  of  Great  Britain,"  Part  II.,  p.  108. 
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"  clunch,'*  "  clod,"  or  "  binds,"  according  to  its  minor  varieties. 
The  layers  of  nodules  vary  from  2  to  4  feet,  and  the  whole 
measure  from  2  to  10  feet  in  thickness,  the  most  usual  being 
from  4  to  5  feet.  Professor  Jukes  gives  several  interesting 
sections,  at  Wolverhampton,  Bilston,  Dudley  and  Kingswinford, 
in  which  these  measures  occur  and  from  which  the  above  average 
thicknesses  are  derived. 

VII.  Pennystone  Bluestones,  or  ** Cakes" — The  measures  in 
which  this  ironstone  lies  are  dark  clay,  sometimes  black,  the  iron- 
stone occurring  in  flat,  round  nodules  of  a  dark  colour.  In  the 
district  of  Dudley,  to  the  south-west,  ironstone  has  rarely  if  ever 
been  found  on  liiis  horizon,  or  below  it,  while  it  is  well-known 
towards  Oldbury,  under  the  names  of  "  Cakes,"  or  "  Bluestone," 
and  between  Wolverhampton  and  Walsall  as  Pennystone, 

VIII.  ^'Fire-Clay  BaUs.'* — This  measure  is  variable  and 
capricious,  and  the  ironstone  irregular  in  its  occurrence,  and  in 
the  form  of  balls,  hence  the  name,  and  resting  on  the  fire-clay 
coal.  In  the  Stow  Heath  and  Priestfield  Collieries,  between 
Bilston  and  Wolverhampton,  where  there  are  many  pits  within 
the  space  of  half  a  mile,  these  measures  vary  from  a  seam  of  clay 
2  or  3  feet  in  thickness  to  a  mass  of  sandstone  89  feet  thick,  with 
a  little  fire-clay  above  and  below  it. 

IX.  *' Getting  Rock  Ironstone.** — This  measure,  occurring 
below  a  bed  of  fire-clay,  varying  from  2  to  10  feet  in  thickness, 
sometimes  contains  ironstone  worth  working  in  certain  localities. 
It  appears  to  be  confined  to  the  neighbourhood  of  Stow  Heath, 
Ettingshall,  Deepfields,  and  Bradley,  and  does  not  always  occur 
even  there. 

X.  ^' Poor  Robin.** — This  ironstone  is  more  widely  diffused 
and  persistent  than  that  of  the  Getting  Bock ;  the  measure  is 
sometimes  8  and  4  feet  thick. 

XL  "  Rough  Hills  Whitestone.** — This  ironstone  is  confined  to 
the  district  between  Bilston  and  Wolverhampton.  At  Parkfields 
the  measiures  are  19  feet  thick,  containing  11  bands  of  ironstone 
from  1  to  6  inches  thick,  making  a  total  of  82  inches  of  ironstone. 
Elsewhere  it  is  not  so  ftilly  developed,  not  exceeding  8  or  4  feet 
thick,  with  not  more  than  from  6  to  8  inches  of  ironstone. 

XII.  "  GiLbbin  and  Balls.** — This  measure  contains  good 
workable  ironstone,  occurring  principally  between  Wolverhampton 
and  Walsall  and  around  Bilston.     At  ChiUington  Colliery  the 
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thickness  of  the  measures  is  nearly  7  feet,  with  4  bands  of  iron- 
stone, giving  a  total  thickness  of  28  inches. 

XIII.  "  Blue  Flats.'' — This  ironstone  is  so  called  from  the  flat 
pavement-like  form  in  which  it  occurs.  At  Park  Hall,  just  south 
of  Wolverhampton,  in  a  section  of  8  feet  9  inches  of  measures, 
are  4  bands  of  ironstone,  giving  an  aggregate  thickness  of 
16  inches;  while  at  Bjecroft,  near  Walsall,  the  measures  are 
found  in  a  thickness  of  18  inches,  with  2  bands  of  ironstone 
each  8  inches  thick. 

XIV.  " Silver  Threads'' — This  measure  occurs  in  the  district 
around  Walsall,  varying  from  4  to  7  feet  thick,  composed  of  2  or 
8  bands  of  ironstone,  varying  from  1  to  4  inches  in  thickness, 
and  so  named  from  the  little  threads  of  shining  spar,  which 
traverse  the  ironstone. 

XV.  *^ Diamonds'' — This  ironstone,  the  lowest  in  the  series, 
is  confined,  like  the  Silver  Threads,  as  a  workable  ironstone,  to 
the  district  west  of  WalsaU,  where  it  occurs  from  2  to  4  feet 
thick,  and  contains  2  bands  of  ironstone  varying  from  2  to  4  inches 
in  thickness. 

Analyses  of  ths  Ironstons. — ^In  the  ''Iron  Ores  of  Great 
Britain,"  Part  II.,  from  which  the  account  of  the  principal  iron- 
stone measures  are  taken,  also  appear  complete  analyses  of  no 
less  than  80  of  the  ironstones  wrought  in  the  South  Staffordshire 
coal-field.  These  analyses  were  made  in  Dr.  Percy's  laboratory, 
and  subsequently  published  in  the  Memoirs  above  referred  to. 
It  will  be  sufficient,  however,  to  give  a  description  and  analysis 
of  some  of  the  more  important  and  characteristic  ironstones  of 
the  several  districts.  Those  selected  in  the  Dudley  district  are 
thus  described : — 

The  "  Grains,"  (No.  IV.  of  General  Section).  By  Mr.  A.  Dick. 
— "  Clay  iron  ore  ;  colour,  greyish  black ;  structure,  compact  and 
homogeneous.  The  ore  is  covered  in  some  places  with  a  thin 
layer  of  yellowish  white  matter." 

"  QuhUn  Ironstone,"  (No.  V.  of  General  Section).  By  Mr.  A. 
Dick. — "  Clay  u'on  ore ;  colour,  greyish  black ;  structure,  com- 
pact and  homogeneous.  It  contains  thin  veins  of  white  and 
reddish  brown  matter,  in  which  zinc-blende,  galena,  and  copper 
pyrites  occur.*' 

"  Fire-Clay  Balls,"  (No.  VIII.  of  General  Section).  By  Mr. 
A.  Dick. — "  Fine  grained,  crystalline,  carbonate  of  protoxide  of 


CHAP.  XL]       SOUTH  STAFFOEDSHUtE  IRON  INDUSTRIES. 


517 


iron ;  colour,  greyish  brown.    It  contains  veins  of  calc  spar  and 

white  pulverulent  silicate  of  alumina,  in  which  occur  small,  white, 

crystalline,  globular  concretions,  consisting  of  carbonate  of  lime 

and  magnesia. 

Besxtlts  Tabttlated.* 


ConstitnentB. 

Grains. 

Gabbin. 

Fire  day 
Balls. 

Protoxide  of  iron         .        .     . 

54-12 

45-86 

47-87 

Protoxide  of  manganese  . 

205 

0-96 

112 

AhiTnina 

0-78 

0-42 

0-43 

Lime 

2-21 

1-17 

1-00 

Magnesia 

0-62 

1-65 

1-27 

Potash 

trace 

•  •• 

•  •  • 

Carbonic  acid       .        .        .     . 

35-25 

31-02 

30-96 

Phosphoric  acid 

Snlpnuric  acid     .        .        .     . 

0-69 

0-21 

007 

trace 

trace 

0-08 

SiUca 

2-11 

0-42 

«  •  • 

Bisnlpbido  of  iron                .     . 

0-40 

0-10 

0-17 

Water 

1-07 

1-08 

1-18 

Orgamo  matter    .        .        .     . 

1-36 

0-90 

0-41 

Ignited  insoluble  residue . 

Total       .... 

a  •  • 

15-90 

15-95 

100-66 

99-69 

100-51 

Ignited  Inso 

LUBT.E  BeSI 

DUE. 

SiHca 

•  •  • 

10-26 

10-52 

Alumina 

•  ■  • 

5-44 

5-02 

Peroxide  of  iron 

•  «  • 

0-40 

0-33 

Lime 

•  •  • 

0-20 

0-13 

Magnesia         .... 

•  •  • 

0-20 

•  •  • 

Potash 

Total    .... 
Metallic  iron        .        . 

•  •  • 

•  •  « 

0-38 

3-43 

16-50 

16-38 

42-26 

35-99 

37-47 

In  a  note  appended  to  the  analysis  of  the  "  Grains,"  it  is 
stated  no  separate  examination  of  the  insoluble  residue  was  made ; 
and  further,  that  no  metal  precipitable  by  sulphuretted  hydrogen 
from  the  hydrochloric  acid  solution  was  detected  in  900  grs.  of 
this  ore,  600  grs.  of  the  Gubbin,  or  760  grs.  of  the  Fire-clay  ore. 

In  the  Darlaston  district  the  measures  examined  by  Mr.  Charles 
Tookey,  from  the  Bough  Hay  Colliery,  are  thus  described  : — 

"  Rough  Hill  Whitestone,'*  (No.  XI.  of  General  Section). — 
"  Clay  iron  ore ;  colour,  brown ;  structure,  compact  and  homo- 


•  « Iron  Ores  of  Great  Britain,"  Part  XL,  pp.  120, 123, 139. 
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geneous.  Veins  of  hydrated  silicate  of  alumina,  peroxide  of 
iron  and  copper  pyrites  occur  in  it." 

"  Gubbin  and  Balls,''  (No.  XII.  of  General  Section).—"  Clay 
iron  ore;  colour,  greyish  black;  structure,  compact.  It  is 
seamed  with  greyish  white  silicate  of  alumina,  in  which  minute 
crystals  of  zinc-blende,  iron  pyrites  and  copper  pyrites  occur." 

''Silver  Threads,''  (No.  XIV.  of  General  Section).— "  Clay 
iron  ore ;  colour,  greyish  brown ;  the  ore  is  irregularly  seamed, 
with  numerous  veins  of  calcspar,  coated  with  drab  coloured 
ferruginous  matter." 

''Diamonds,"  (No.  XV.  of  General  Section). — "  Clay  iron  ore; 
colour,  dark  grey;  structure,  compact  and  homogeneous.  It 
contains  veins  of  calcspar  and  silica  of  alumina,  in  which  galena, 
zinc-blende,  copper  pyrites  and  iron  pyrites  occur." 

Results  T^bttiated. 


Constituents. 

Rough  Hill 
Wliitestone. 

Gubbin  and 
Balls ;  Gubbin. 

Silver 
Threads, 

Diamonds. 

Protoxide  of  iron   . 

46-56 

49-30 

40-39 

40-01 

Peroxide  of  iron         .     . 

2-80 

3-61 

2-38 

2-46 

Protoxide  of  manganese. 

0-65 

0-86 

0-75 

0-75 

Alumina 

0-70 

0-34 

0-19 

0-46 

Lime.         .        .         .     . 

1-13 

0-69 

7-30 

2-58 

Magnesia 

MS 

0-45 

216 

2-70 

Silica         .        .         .     . 

0-54 

0-23 

0-18 

0-27 

Potash   .... 

0-23 

0-09 

0-07 

0-19 

Carbonic  acid    .         .     . 

30-08 

32-05 

33-35 

29-13 

Phosphoric  acid 

0-38 

0-23 

0-22 

0-21 

Bisulphide  of  iron      .     . 

0-13 

0-13 

0-11 

0-06 

Sulphide  of  zinc     . 

• .  • 

1-27 

• .  • 

•  •  • 

Water        .... 

1-07 

0-66 

0-93 

1-11 

Organic  matter 

0-50 

0-54 

0-80 

1-06 

Ignited  insolublesolution 
Total         .        .     . 

13-77 

9-42 

10-52 

18-77 

99-72 

99-87 

99-35 

99-76 

Iqnt 

lED  InSOLTJ] 

BLE  BeSIDU 

£. 

Silica      .... 

7-72 

5-99 

6-56 

13-45 

Alumina    .        .        .     . 

4-70 

2-71 

3-08 

4-22 

Peroxide  of  iron     . 

0-39 

0-21 

0-37 

0-59 

Lime         .        .        .     . 

0-11 

0-17 

0-04 

0-08 

Magnesia 

0-15 

0-07 

0-06 

0-14 

Po&sh       .        .        .     . 

Total     . 
Metallic  iron      .        .     . 

0-82 

0-21 

0-26 

0-18 

13-89 

9-36 

10-37 

18-66 

38-56 

41-06 

33-44 

33-28 
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The  presence  of  copper  was  distinctly  proved  in  800  grains 
of  the  "  Rough  Hill  Whitestone  "  ore.  In  the  "  Gubbin  and 
Balls,"  and  the  **  Silver  Threads,"  no  metal  precipitable  by 
sulphuretted  hydrogen  from  the  hydrochloric  acid  solution  was 
detected  in  400  grains  of  the  former  and  800  grains  of  the  latter ; 
while  in  the  "  Diamonds  "  traces  of  lead  and  copper  were  found 
in  the  hydrochloric  acid  solution  of  800  grains  of  ore. 

There  is  also  an  ironstone  known  as  "  Brown  Stone,"  occurring 
in  the  neighbourhood  of  Bloxwich,  some  three  miles  north  of 
Walsall,  not  previously  referred  to,  which  is  described  as  a 
'*  Clay  iron  ore ;  colour,  various  shades  of  light  brown ;  structure, 
compact.  Veins  of  white  pulverulent  and  grey  crystalline 
substances  occur  in  it,  containing  traces  of  galena  and  copper 
pyrites."  The  analysis  of  this  ore,  by  Mr.  A.  Dick,  gives  the 
following  results  : — * 

Results  Tabtjiatkd.— Oee  Dried  at  100°  C. 

Protoxide  of  iron 46*14 

Protoxide  of  manganese 1*40 

Alumina 3*53 

Lime 3*43 

Magnesia 2*13 

Potash 0*41 

Carbonic  add 32*04 

Phosphoric  acid 0*61 

Sulphuric  acid trace. 

Silica      .        .         * 8*63 

Bisulphide  of  iron 0*10 

Water 0*94 

Organic  matter 0*98 

100*34 

Metallic  iron .       35*95 

Clay  after  ignition 13*38 

It  is  stated  in  reference  to  this  analysis  that  no  metal  precipit- 
ahle  hy  sulphuretted  hydrogen  from  the  hydrochloric  acid  solution 
of  550  grains  of  the  ore  was  detected. 

Of  the  ironstone  measures  examined  and  published  in  the  ^'Iron 
Ores  of  Great  Britain,"  Part  11.,  some  thirty  analyses  appear ; 
and  from  these  the  following  abstract  has  been  prepared  showing 
the  relative  proportion  of  protoxide  of  iron,  phosphoric  acid  and 
metallic  iron  contained  in  each  sample  examined;  preceding 
which  is  given  the  name  of  each  measure  and  the  analysts  who 
examined  it. 

♦  "  Iron  Ores  of  Great  Britain,"  Part  XL,  p.  164. 
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Ironstone  Measubes  of  South  Staitordshibb. 


Clay  Iron  Ores. 


Brooch,  Comgreaves 
Pins,  Dudley     . 
Penny  Eartn,  Dudley    . 
Grains,  Dudley 
Gubbin,  Dudley     . 
Gubbin,  Rubble,  Dudley   . 
Whitestone  Bind,  Dudley 
Bottom  Whitestone,  Dudley 
Whitestone,  Darlaston  . 
Cakes  or  Bluestone,  Dudley 


iy 


»» 


Fire-clay  Balls,  Dudley 


»» 


»> 


Poor  Robin's,  Bunker's  Hill 
Rough    Hill    Whitestone,   Darlaston ) 

(good  sample)     .     J 

„  „        (bad  sample)       .    . 

Rough  Hill  Whitestone,  Rough  Hay, ) 

Darlaston j 

Gubbin  and  Balls,  Bunker's  Hill  Colliery 

Blue  Flats,  Darlaston    . 
Silver  Threads,  Darlaston 
Diamonds,  Darlaston 


Brownstone,  Bloxwich 


Analyst. 


John  Spiller 
Allan  Dick 


John  Spnier 


.»». 


Charles  Tookey 
Allan  Dick 


Charles  Tookey 
Allan  Dick 


y 


Charles  Tookey 

>» 

»» 
Allan  Dick  .    . 


» 


Protoxide 
of  Iron. 


43-81 
46-36 
37-69 
64-12 
46-30 
40-28 
30-96 
48-63 
33-92 
60-60 
43-65 
46-39 
47-87 
49-61 

44-20 

33-19 

46-66 

39-51 
62-04 
42-34 
40-39 
40-01 
41-90 
46*14 


Phospho- 
ric Acid- 


0-83 
0-46 
0-66 
0-69 
0-74 
0-30 
0-26 
0-31 
0-35 
0-23 
0-15 
0-11 
0-07 
0-34 

0-66 

0-50 

0-38 

0-31 
0-21 
0-25 
0-22 
0-21 
0-22 
0-61 


Metallic 
Iron. 


34-35 
36-74 
29-42 
42-26 
36-14 
31-70 
24-88 
37*46 
28-87 
39-71 
34-88 
36-56 
37-47 
39-62 

34-53 

26-01 

38-56 

31-34 
40-84 
34-41 
33-44 
33-28 
32-87 
35-95 


From  these  and  other  ajialyses  of  the  argillaceous  ores  of  the 
district,  it  has  been  ascertained  that  34*75  per  cent,  represents 
the  average  yield  of  metallic  iron. 

Production  of  Ironstone. — The  production  of  ironstone  in 
South  StaflFordshire  was  returned  as  follows,  in  each  of  the  years 
named : — 


Year. 

Tons. 

Year. 

Tons. 

1859 

969,000 

1870 

450,000 

1850 

785,700 

1871 

705,665 

1861 

727,500 

1872 

640,950 

1862 

700,500 

1873 

584,325 

1863 

850,000 

1875 

715,451 

1864 

948,500 

1876 

645,288 

1865 

659,500 

1877 

636,243 

1866 

599,000 

1878 

587,874 

1867 

525,000 

1879 

483,507 

1868 

340,578 

1880 

362,773 

For  a  few  years  the  individual  returns  of  ironstone  were  pub- 
lished, those  for  the  year  1873  are  at  hand  and  were  as  follows ; 
since  1875  the  aggregate  production  is  alone  recorded  : — 
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District  or  Mine. 

QoantitieR. 

Value. 

Tons. 

£        «. 

Barber's  Field  .... 

11,011 

6,006  12 

Bam  Farm  . 

• 

2,690 

1,560     0 

Bircluirs  Hall  . 

1 

6,206 

3,723  12 

Bradley 

1,897 

1,138     4 

Cannock  Chase 

» 

350 

210    0 

Coppy  Hall . 

1 

9,189 

5,513     8 

Deans 

1 

5,287 

3,172    4 

Friar  Park  . 

5,014 

3,368     8 

Grace  Mar^' 

2,645 

1,587     0 

Ghranville     . 

8,695 

2,217     0 

Haden  Hall 

» 

6,480 

3,888     0 

Hatherton    . 

1 

8,298 

4,978  16 

JeiToise   . 

s 

2,122 

1,273    4 

Moxley 

\ 

1,880 

1,128    0 

New  Cross 

15,503 

9,301  16 

Old  Hall      . 

7,100 

4,260    0 

Parkfields 

\ 

5,073 

3,043  16 

Priestfields  . 

3,735 

2,241     0 

Pfinces  End 

1 

3,118 

1,870  16 

Pearson 

1 

2,125 

1,275     0 

Biddings  . 

» 

2,168 

1,300  16 

Eoughwood . 

7,045 

4,227     0 

Stow  Heath      . 

9,404 

5,640    0 

>» 

1 

11,312 

6,787    4 

Shut  End 

3,971 

2,382  12 

Tansey  Green 

2,073 

1,243  16 

Tipton  Moat     . 
'Wednesbnry 

6,374 

3,824     8 

< 

5,232 

3,139    4 

Wednesbury  Oak 

4,000 

2,400    0 

Yeatham 

1 

6,541 

3,324  12 

Sundry  pits 

1 

73,191 

43,914  12 

,,         (estimated)        .     , 

350,004 

210,000    0 

Total  of  South 

iSt 

a£ 

Fon 

1r1 

lire 

\ 

584,325 

349,941  10 

The  value  of  these  ironstones,  between  1860  and  1870,  varied 
from  6s.  to  6«.  and  7s.  6d.  per  ton ;  the  average  price  in  1880 
being  10s.  per  ton. 

Fig  Iron  Mann&ctiire. — The  history  of  the  manufacture  of 
iron  may  be  regarded  as  of  two  distinct  periods — the  one  ex- 
tending from  the  earliest  times  when  charcoal  was  alone  em- 
ployed; the  other  commencing  with  the  successful  application 
of  coal  previously  coked,  and  dating  about  the  year  1735.  In 
the  early  part  of  the  17th  century  the  rapid  devastation  of  our 
forests  occasioned  great  scarcity  in  the  supply  of  charcoal  to 
our  furnaces,  so  much  so,  that  three-fom*ths  of  the  blast  furnaces 
in  the  kingdom  came  to  a  standstill ;  it  was  at  this  period  that 
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attention  was  directed  to  the  use  of  coal  previously  coked.  In  1612  ^ 
we  find  Simon  Sturteyant,  and  again  in  1618  I^ei^^on^  working  fiipoz-mf^ 
towards  this  end;    they  were  unsuccessful;    in  1620,  however, fti^p- 
the  use  of  mineral  fuel  was  proved  practicable  in  the  reduction       /*.  - 
of  the  ores  of  iron,  and  we  find  Dud  Dudley,  the  founder  ofy^iU*^*". 
the  noble  house  of  Dudley,  to  whom  a  patent  was'granted  ii^'*'^^ 
the  same  year  for  smelting   iron  ore  with   pit    or  sea  coal,  to   IV  '• 
have  so  far  succeeded  as  to  have  made  3  tons  of  pig  iron  from  /)  n^  f*^'*^ 
a  furnace   in  a  week  with   coke.      Dud    Dudley,   in   his   book  5^^^ 
f^'^^*^^^  "jPtfetaUum  Martis/'  published   in    1665,   gives    an   interesting  5**^/^ 
^  account  of  his  labours  and  the  difficulties  encountered  by  him.  "^^u^ 

^^^^^  His  works  were  swept  away  by  a  great  flood;  he  further  tells 
us  that  they  were  repaired,  and  at  a  subsequent  period  riotously 
destroyed,  and  he  himself  utterly  ruined  by  adhering  to  the 
royal  cause,  which  disturbed  society  in  those  days.  With  this 
historical  reference  we  advance  to  the  year  1735,  when  the  suc- 
cessful application  was  carried  out  by  Mr.  Abraham  Darby,  of 
Shropslure,  at  the  Coalbrookdale  Works,  and  from  this  period 
may  be  dated  the  first  great  improvement  in  the  manufacture 
of  pig  iron. 

In  the  year  1740,  when  the  production  of  charcoal  pig  iron 
amounted  to  17,350  tons,  there  existed  in  South  StaflFordshire 
2  furnaces,  and  a  like  number  in  Worcestershire,  producing 
1,700  tons  of  pig  iron  :  the  two  former  making  1,000  tons  and 
the  latter  700  tons.  Advancing  to  the  year  1788  the  manufac- 
ture of  pig  iron  with  charcoal  appears  to  have  been  discontinued 
and  coke  substituted ;  for  we  find  3  furnaces  in  operation  in 
South  Staffordshire,  producing  2,400  tons  of  coke  pig  iron. 

The  total  production  of  pig  iron  at  this  period  in  England  and 
Wales  was : — 


Description. 

Furnaces. 

Tons. 

Charcoal  iron       .        .        .     . 
Coke  iron          .... 

Total 

Nos. 
24 
53 

13,100 
48,200 

77 

61,300 

Some  twenty  years  after  the  successful  application  of  coal  by 
Darby  in  the  reduction  of  the  ores  of  iron  in  the  furnace,  a  new 
impulse  was  given  to  this  industry  by  Smeaton's  invention,  in 
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which  he  applied,  with  great  advantage,  his  blowing  cylinders, 
worked  by  water-wheels  or  by  the  atmospheric  steam  engine ;  the 
first  of  these  was  erected  by  him  at  the  Carron  Ironworks  in 
Scotland  in  1760.  This  means  of  increasing  the  power  of  the 
blast  in  the  furnaces  was  quickly  followed  by  increased  production 
of  pig  iron. 

Again,  towards  the  close  of  the  last  century  a  new  era  in 
the  manufacture  of  iron  arose,  when  the  steam  engine,  the 
invention  of  James  Watt,  was  made  general  in  its  application 
to  the  purposes  both  of  pumping  water  from  mines  and  for 
increasing  the  intensity  of  the  blast.  Cort's  inventions,  for 
which  he  obtained  patents  in  1783  and  1784,  formed  another 
important  step  in  the  manufacture  of  wrought  from  pig  iron,  the 
first  for  puddling,  by  which  pig  iron  is  rendered  malleable,  and 
the  second  for  substituting  rollers  for  the  forge  hanmier  for 
drawing  out  the  balls  of  malleable  iron  into  bars.  The  foregoing 
advantages,  together  with  the  high  price  of  foreign  iron,  largely 
imported,  caused  our  manufacture  to  nearly  double  itself  between 
the  years  1788  and  1796,  to  which  latter  year  attention  is  now 
directed.  The  return  for  1796  was  prepared  for  the  House  of 
Commons,  when  Mr.  Pitt  had  it  in  contemplation  to  impose  a  tax 
on  coal  at  pit's  mouth,  and  the  returns  were  obtained  from  three 
sources — the  Excise  authorities,  calculation,  and  lastly,  the 
quantities  really  made.  The  works  then  existing  in  South 
Staffordshire  and  Worcestershire,  with  the  number  of  furnaces 
and  make  of  each  works  are  stated  as  follows,  giving  an  average 
yield  per  frimace  of  937  tons  : — 


Worka. 

Number  of 
Furnaces. 

Excise. 

Calculated. 

Actual. 

BilBton  .... 

Bradley     . 

Brierley 

Deepfield  . 

Dudley  Port  . 

Gospel  Oak                .    . 

Graveyard 

Level 

Tipton   .... 

2 
3 

1 
2 

1 
1 
2 

Tons. 

2,340 

3,640 

1,300 

2,600 

1,040 

1,260 
1,560 
2,082 

Tons. 
2,340 
3,000 
1,300 
2,600 
1,040 

1,336 
1,660 
2,080 

Tons. 

1,429 

1,920 

1,046^ 

2,526 

869 
1,613 

213 
1,391 
2,203 

Total                 .     . 

14 

13.210i 

In  the  same  year,  1796,  the  production  of  Great  Britain,  of 
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124  furnaces,  amounted  to  125,079  tons,  of  which  South  Stafford- 
shire contributed  upwai'ds  of  10  per  cent.  The  returns  for  the 
year  1806  show  a  considerable  increase,  the  105  furnaces  in  blast 
in  that  year  in  Great  Britain  yielding  248,851  tons  of  pig  iron, 
the  production  of  South  Staffordshire  being  47,592  tons,  or  an 
increase  of  nearly  400  per  cent.,  when  compared  with  the  returns 
for  1796.  The  following  statement  shows  the  individual  produc- 
tion of  the  ironworks  in,  1806,  with  the  respective  numbers  of 
furnaces  built  and  in  operation : — 


FirRNACES. 

IVrtrIra 

Pig  Iron. 

It  KIM. K9a 

Built. 

lu  Blast. 

Noa. 

Nos. 

Tons. 

Blower's  Green  .        .     . 

1 

1 

2,436 

Bilston  . 

3 

2 

3,550 

Bradley     .        . 

3 

2 

2,566 

Brierley  Hill . 

1 

1 

817 

Brierley     . 

2 

0 

■  •  • 

Caponfield 

2 

2 

4,600 

Deepfield  . 

2 

2 

3,660 

Dibsdale  Bank 

1 

1 

300 

Dudley  Port      . 

1 

1 

1,196 

Golden  Cross . 

1 

1 

184 

Gt)mal  Wood 

1 

1 

432 

Graveyard 
Gt>spel  Oak 

2 

1 

1,274 

2 

2 

4,667 

Level     . 

3 

2 

3,351 

Mill  Field . 

2 

2 

6,000 

Moorcrofb 

2 

1 

1,955 

Netherton . 

2 

1 

1,500 

Oldbury  and  Tipton 
Park  Head 

3 

3 

4,500 

1 

1 

1,404 

Eoufi^  Hill    . 
ToUEnd    . 

2 

2 

3,000 

2 

1 

1,200 

Wednesbury  . 
Total 

•     • 

1               0 

•  •  • 

40 

30 

47,592 

The  production  of  Shropshire  and  South  Wales  alone  exceeded 
that  of  South  Staffordshire  at  this  period,  the  former  yielding 
54,966  tons,  the  latter  68,867  tons,  while  that  of  Scotland  was 
but  22,840  tons  of  pig  iron.  The  next  return  from  which  infor- 
mation is  obtained  was  prepared  for  the  Government  by  Mr.  F. 
Finch,  formerly  member  for  Walsall,  and  refers  to  the  production 
in  the  years  1823  and  1880,  when  the  number  of  furnaces  in  blast 
and  the  quantity  of  pig  iron  made  in  this  district  was  as 
follows : — 
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South  Staffordshibe. 


— 

1S23. 

1830. 

Furnaces. 

Total 
Number  of 
Furnacea. 

Pie  Iron 
Made. 

Total 

Number  of 

Furnaces. 

Pig  Iron 
Made. 

1 

Tons. 

Tons. 

1 

Bradley. 

2 

J 

4,195 

2 

4,194 

2 

,,       Lower . 

1       ' 

1,920 

1 

2,113 

3 

Birch  HiUs    . 

2 

■  •  • 

2 

•  •  • 

4 

Harbor's  Field  . 

•  •  • 

•  •  • 

2 

5,720 

5 

Bilston  . 

4 

7,696 

4 

4,680 

6 

„       Brook    . 

2 

4,345 

2 

3,771 

7 

Broadwaters  . 

2 

•  ■  • 

. .  • 

6,368 

8 

BretteU  Lane    . 

•  •  • 

•  •  • 

2 

2,949 

9 

Brierley  Hill . 
Blower  s  Green . 

2 

4,348 

2 

■  •  • 

10 

2 

5,348 

2 

5,257 

11 

Buffery  . 

3 

6,551 

3 

5,246 

12 

„      Old       , 

1 

2,646 

1 

2,158 

13 

Cotham. 

■  • « 

•  ■  • 

•  a  . 

■  ■  • 

14 

Goseley 
Oaponfield     . 

2 

5,200 

3 

10,140  . 

15 

2 

•  •  • 

2 

•  •  • 

16 

Chillington 
Corbyirs  Hall 

•  ■  • 

•  •  • 

2 

6,240 

17 

•  •  • 

•  •  • 

4 

7,350 

18 

Dudley  Port 

1 

2,340 

1 

2.340 

19 

>>           • 

•  ■ . 

•  •  B 

2 

4,060 

20 

Deepfield  . 

2 

•   ■  ■ 

2 

•  •  • 

21 

Deepdale 
Dudley  Wood 

1 

2,084 

1 

1,634 

22 

4 

10,467 

4 

8,664 

23 

Eagle     . 

2. 

4,900 

2 

6,656 

24 

Fiery  Holes 

1 

.  •  • 

1 

1,634 

25 

Glebe     . 

1 

•. . 

1 

•  •  • 

26 

Gospel  Oak 
Gold's  Green . 

2 

5,312 

4 

6,840 

27 

2 

4,888 

3 

9,412 

28 
29 

G^yeyard 
Gomal  Wood 

1 

1 

... 
1,671 

1 

1 

•  •  • 

•  «  • 

30 

Horseley  . 

2 

4,308 

2 

4,680 

31 

Hale  Fields    . 

1 

2,454 

1 

2,454 

32 

High  Fields 

2 

*  * . 

2 

•  •• 

33 

Lea  Brook 

1 

•  •  • 

1 

•  •  • 

34 

Leys. 

•. . 

•  ■• 

2 

4,160 

35 

Level 

4 

6,464 

4 

• .  ■ 

36 

„    Old  . 

1 

2,072 

1 

1,028 

37 

Mill  Fields     . 

4 

6,768 

4 

8,112 

38 

Moorcroft . 

2 

3,700 

2 

4,791 

39 

Netherton 

2 

1,406 

2 

5,033 

40 

Oldbury    . 

2 

2,600 

2 

5,720 

41 

Old  Park 

1 

2,600 

2 

5,280 

42 

PriestMd . 

3 

3,664 

3 

4,897 

43 

Parkfield 

•.  • 

.  ■  • 

4 

9,500 

44 

Parkhead  . 

1 

2,289 

1 

2,468 

45 

Rough  Hills  . 

2 

•  •  • 

2 

•  ■ . 

Carried  fo 

rwai 

rd    . 

71 

112,236 

92 

164,549 
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South  Staffobdshire — amtinued. 


46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

1828. 

1830. 

Ftirnaces. 

Total 
Number  of 
Furnaces. 

Pig  Iron 
Made. 

Total 
Number  of 
Furnaces. 

Pig  Iron 
Made. 

Brought  forwar 
Rassell*s  Hall   . 
Stow  Heath   . 
Toll  End    . 
Tipton  Company    . 
Tipton 
Union    . 
Wednesbury  Oak 
Willingsworth 
Wolverhampton 
Walbrook 
Windmill  End  . 

d   . 

71 

•  •  ■ 

•  •  • 

3 
3 

1 

•  •  • 

2 

•  •  • 
■  •  • 

1 

•  •  • 

Tons. 
112,236 

•  •  • 

5,075 
5,640 
2,040 

6,240 

•  •  • 

2,359 

•  •  • 

92 
2 
3 
3 
3 
1 
2 
3 
3 
2 
2 
2 

Tons. 
164,549 
2,080 
5,408 
6,112 
3,515 
2,040 
4,650 
7,684 
5,704 
3,200 
2,886 
3,776 

Total     . 

■ 

81 

133,590           118 

211,604 

Showing  an  increase  in  seven  years  of  37  furnaces  and  79,014 
tons  of  pig  iron,  or  an  increase  of  58  per  cent.  The  average 
yield  per  fnmace  in  1823  being  1,640  tons,  compared  with  1,793 
tons  in  1880.  The  works  at  Barbor's  Field  were  erected  between 
the  years  1826  and  1828,  and  the  undermentioned  as  follows  : — 


Works. 


Brettle  Lane 
Chillington     . 

Oorbyn's  Hall 

Dudley  Port  . 
Levels 

Parkfield 

Eussell's  Hall 


■1 

•         ■ 

■I 


Year. 


1825 

1829 
1825  and 

1829 

1824 

1828 
1825  and 

1827 

1827 


Works. 


Stow  Heath    . 

Union 

"Willingsworth 

Wolverhampton 
Windmill  End 


Year. 


1824  and 

1825 

1828 
1827  and 

1828 
1824  and 

1826 

1825 


We  have  now  reached  a  period  when  the  hot  blast  was  coming 
into  use;  this  invention  of  Mr.  Neilson  was  first  successfally 
employed  in  the  furnaces  of  Scotland,  and  gradually  extended 
into  other  iron-making  districts. 

In  1880,  when  the  production  of  South  Staffordshire  was 
211,604  tons,  Scotland  produced  but  37,500  tons ;  while  the  total 
make  of  the  furnaces  in  Great  Britain  did  not  exceed  662,417 
tons. 

The  number  of  furnaces  built  and  in  blast,  the  make  of  pig  iron, 
and  the  average  yield  per  furnace  appear  in  the  annexed  table : — 
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South  Staffobdshibb  Ain>  Woboestebshibe. 


TDRNACES. 

» 

Year. 

Production  of 
Pig  Iron. 

Avemge  iimke 
per  Furnace. 

BuUt. 

InBlut 

No«. 

N(M. 

Toug. 

Tons. 

1840 

135 

116 

407,150 

3,510 

1847 

139 

77 

320,320 

4,070 

1851 

148 

105 

600,000 

5,714 

1852 

159 

127 

725,000 

5,693 

1854 

175 

145 

743,600 

5,128 

1855 

178 

146 

754,000 

5,164 

1856 

171 

147 

777,171 

5,287 

1857 

180 

153 

657,295 

4,300 

1858 

186 

147 

597,809 

4,067 

1859 

184 

123 

475,300 

3,864 

1860 

181 

108 

469,500 

4,347 

1861 

182 

114 

395,650 

3,470 

1862 

191 

107 

610,220 

5,703 

1863 

200 

110 

691,157 

6,283 

1864 

176 

106 

628,973 

5,934 

1865 

172 

114 

692,627 

6,075 

1866 

167 

112 

532,625 

4,755 

1867 

177 

91 

515,638 

5,666 

1868 

172 

89 

532,234 

5,980 

1869 

164 

95 

569,562 

5,995 

1870 

171 

114 

588,540 

5,163 

1871 

163 

108 

725,716 

6,720 

Coal  and  Iron  Ore  used  in  Mannfiftctnra,  —  Since  the  year 
1872,  information  onder  both  these  heads  is  available ;  it  will, 
therefore,  be  convenient  to  tabulate  the  returns  of  production 
of  pig  iron  in  each  year  since  that  date,  and  follow  with  the 
quantities  of  coal  and  iron  ore  of  all  kinds  employed ;  the  returns 
are  as  follows : — 


Tear. 

FURNACSB. 

Ptelron 
Made. 

Coal  Used. 

Iron  Ore,  &c.. 
Used. 

Built. 

In  BlAAt. 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Noa 

145 

142 

154 

155 

147 

146 

147 

140 

137 

K08. 

107 
99 
81 
76 
65 
57 
55 
44 
45 

Tons. 

673,470 
673,397 
452,400 
474,540 
465,946 
428,276 
392,949 
325,780 
384,556 

Tons, 

1,932,509 

1,968,580 

1,309,216 

1,353,850 

1,262,962 

1,032,419 

917,106 

743,006 

878,581 

Tons. 

1,800,000 
1,800,000 
1,195,600 
1,268,000 
1,235,000 
1,123,500 
1,005,900 
830,500 
984,500 

y 
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In  the  beginning  of  the  present  century  the  average  quantity 
of  coal  required  in  the  manufacture  of  a  ton  of  pig  iron  was 
ten  tons.  About  the  year  1810,  Mr.  B.  Mushet  states,  in  his 
valuable  papers  on  iron  and  steel,  that  half  this  quantity  enabled 
the  ironmaster  to  produce  a  ton  of  pig  iron.  After  the  introduc- 
tion of  the  hot  blast  by  Mr.  J.  B.  Neilson,  the  economy  in  the 
consumption  of  fuel  becomes  more  apparent,  for  we  learn  that  in 
the  year  1840,  on  the  authority  of  Mr.  William  Jessop,  that  the 
quantity  did  not  exceed  3  tons  17  cwt.  in  the  works  of  South 
Staffordshire  ;  while  the  average  used  in  Great  Britain  the  same 
year  was  but  4  tons  1  cwt.,  compared  with  10  tons  in  the  year 
1800.  In  the  year  1869  the  Boyal  Coal  Commission  reported  on 
this  important  question,  and  ascertained  that  a  further  economy 
had  been  secured,  3  tons  of  coal  only  being  required. 

In  the  years  1871  and  1872  the  average  quantity  of  coal  used 
in  South  Staffordshire  was  about  58  cwt.  In  the  furnaces  of 
Great  Britain  in  each  of  the  same  years  the  average  was  51  cwt.; 
while  in  Scotland,  where  raw  uncoked  coal  is  principally  used, 
65  cwt.  of  coal  was  required  to  each  ton  of  pig  iron  made. 

In  most  of  our  iron  making  districts  the  waste  gases  are 
utilised  and  great  economy  secured;  here,  however,  in  South 
Staffordshire,  but  few  furnaces  were  provided  with  gas  saving 
apparatus  (these  arrangements  are  now  being  more  generally 
employed),  and  hence  the  increased  consumption  of  coal  with 
other  districts  comparatively. 

Of  the  coal  employed  in  iron  making,  the  "  Thick  Coal  *'  and 
the  Heathen  Coal  are  the  most  important,  the  former  giving, 
when  coked,  54  per  cent.,  with  0'31  of  sulphur  and  4'18  of  ash ; 
the  latter  between  40  and  45  per  cent,  of  coke,  0'51  of  sulphur, 
and  4*58  of  ash  ;  while  generally,  in  the  district,  the  coal  is  used 
partly  raw  and  partly  coked. 

The  "  Native  Mine,"  or  clay  ironstone  of  the  coal  measures  of 
this  district,  if  alone  employed,  would  require  from  54  to  55  cwt. 
of  raw  uncalcined  ore,  to  each  ton  of  pig  iron  made,  a  smaller 
quantity  being  required  when  richer  ores  used  in  admixture  are 
employed.  It  was  ascertained  approximately,  that  in  the  years 
1872  and  1873  the  quantity  of  iron  ore  of  all  kinds  used  in  the 
manufacture  of  673,470  tons  of  pig  iron  was  1,800,000  tons  in 
each  year,  the  following  districts  furnishing  quantities  in  the 
proportion  given : — 


Nv 
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DIBTXI0T8.  T0R8. 

South  Staffordshire -600,000 

North  Staffordshire 650,000 

Lancashire 65,000 

Northamptonshire      .        .                230,000 

Oxfordshire 19,000 

Various  ores 206,000 

Forge  and  mill  cinder 140,000 

Total  Ore      ....    1,800,000 

The  quantity  classed  as  "various  ores"  includes  ores  from 
Wales,  Warwickshire,  Gloucestershire,  Cleveland,  and  elsewhere, 
but  it  has  not  been  possible  to  distinguish  the  proportion 
received  from  each  district.  As  previously  stated  the  "  Native 
mine  "  of  this  district  yields  an  average  of  84*75  per  cent,  of 
metallic  iron,  compared  with  the  ironstone  of  North  Staffordshire, 
which  gives  86'50  per  cent.,  and  the  Chumet  Valley  ore  nearly 
87  per  cent.  The  Northamptonshire  and  Oxfordshire  ores,  hy- 
drated  peroxides  so  valuable  in  admixture  with  the  coal  measure 
ores  as  a  flux,  their  siliceous  character  not  being  injurious,  yield 
40  per  cent,  of  metallic  iron,  the  hematite  of  Lancashii-e  about 
64  per  cent.,  and  the  forge  and  mill  cinders  probably  not  less 
than  60  per  cent.  These  cinders  are  largely  employed  in  the 
production  of  common  hot-blast  pig,  while  the  best  mine  pig,  for 
which  Staffordshire  is  so  justly  celebrated,  is  made  from  '*  Native 
mine,"  and  other  selected  ores,  coal  previously  coked,  and  cold 
air  in  the  blast  furnace. 

In  the  calcination  of  the  ironstone  two  modes  are  practised, 
namely,  in  clamps  and  kilns.  In  clamp  calcining  it  is  customary 
first  to  spread  a  layer  of  coal  in  lumps  upon  the  ground  and  on 
this  to  raise  the  heap  of  ironstone,  interspersing  coal  occasionally, 
and  then  to  cover  the  surface  of  the  heap  with  slack.  In  the  cal- 
cination of  "  black  band,"  the  carbonaceous  matter  it  contains  is 
sufficient  to  effect  the  operation.  The  "  heaps,"  or  "  clamps  " 
are  made  from  6  to  8  feet  high,  and  vary  considerably  in  area, 
sometimes  having  an  area  of  half  an  acre. 

In  the  operation,  as  in  brickmaking,  the  calcined  stone  is  being 
removed  from  one  end  while  the  heap  is  being  freshly  made  at  the 
other  end.  The  heap  being  ignited  burns  through  in  a  smoulder- 
ing way,  emitting  a  good  deal  of  smoke,  a  little  flame  breaking 
through  the  surface  in  places.     An  ordinary-sized  clamp  takes 

about  three  weeks  to  become  thoroughly  calcined,  and  at  the  end 

u  u 
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of  this  time  it  is  found  to  be  reduced  to  about  one  half  its  original 
bulk. 

For  calcining  in  kilns  an  ordinary  open  kiln^  like  a  common 
egg-shaped  lime-kiln,  is  sometimes  used ;  but  for  the  most  part 
iron  cup-shaped  kilns,  made  of  iron  plates  lined  with  fire-brick, 
are  employed.  They  are  about  24  feet  in  height,  and  so  arranged 
that  while  the  ore  and  fuel  can  be  fed  in  continuously  above,  the 
calcined  ore  is  discharged  at  the  bottom,  either  upon  a  raised 
platform  or  directly  into  the  waggons  that  are  to  carry  it  away. 
The  kiln  once  ignited,  all  that  is  necessary  is  from  time  to  time 
to  throw  in  a  layer  of  coal  on  the  top  of  a  charge  of  stone. 

The  forge  and  mill  cinder  often  used  as  a  material  for  the 
smelting  of  pig  iron  and  producing  a  variety  of  iron  known  as 
*^  cinder  iron,"  which  is  made  to  some  extent  in  South  Stafford- 
shire, calls  for  a  brief  notice.  The  *'  tap  cinder,"  *  as  described 
by  Dr.  Ballard,  **  is  the  slag  drawn  out  from  puddling  furnaces 
in  which  pig  iron  has  been  made  into  malleable  iron.  It  consists 
mainly  of  protoxide  of  iron  and  siliceous  matter,  the  latter  partly 
derived  from  the  bricks  with  which  the  reverberatory  furnace  is 
lined.  In  fact,  it  is  the  bath  of '  fettle,'  rich  in  peroxide  of  iron, 
which  in  the  process  of  puddling  has  given  up  its  excess  of 
oxygen  to  oxidise  the  carbon,  silicon,  sulphur,  and  phosphorus 
which  the  pig  iron  contains,  and  which  have,  in  the  process  of 
puddling,  to  be,  as  far  as  practicable,  removed.  The  tap  cinder, 
in  order  to  fit  it  again  for  use  in  fettling,  requires  that  the  iron 
it  contains  should  be  peroxidised." 

In  either  case  the  *'  tap  cinder  "  requires  calcination  when  it 
is  employed  for  '^  fettling,"  that  is,  for  lining  puddling  furnaces. 
With  the  object  above  described  the  calcination  is  performed  in 
what  is  termed  a  ''bull  dog"  kiln,  the  resulting  material  going 
under  the  technical  designation  of  "  bull  dog."  A  bull  dog  kiln 
is  constructed  very  much  like  a  Scotch  brick-kiln,  9  or  10  feet 
high,  with  side  walls,  having  opposite  fire  openings  at  intervals, 
and  the  tap  cinder  to  be  calcined  is  first  built  up  at  the  bottom  so 
as  to  form  channels  or  passages  from  the  fire  openings  on  one 
side  to  those  on  the  other.  The  cinder,  broken  up,  is  then  filled 
in  with  alternating  layers  of  coal  up  to  the  top  of  the  kiln.  The 
ends  are  bricked  up  and  the  kiln  lighted.     It  burns  out  in  about 

♦  Local  Government  Board.    Eighth  Report,  1878-79,  p.  238. 
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a  week.  The  fire  should  not  be  too  fierce  or  the  tap  cinder 
merely  melts  down  and  may  then  form  a  hard  mass  which  can 
scarcely  be  extracted  except  by  blasting.  When  the  kiln  has 
gone  out,  the  calcined  material  or  "  bull  dog "  is  found  in  a 
coherent  mass,  which  has  to  be  broken  down  with  a  pick.  I'or 
making  cinder  iron  it  is  usual  to  calcine  the  cinder  in  a  large 
clamp  or  heap,  frequently  25  feet  high,  and  containing  many 
thousand  tons.  The  heap  is  made  much  in  the  same  way,  with 
coal  at  the  bottom  and  interspersed,  as  an  ironstone  clamp  ;  the 
average  consumption  of  fuel  being  about  6  or  7  cwt.  to  each  ton 
of  cinder,  the  heaps  usually  burning  out  in  about  a  fortnight. 

The  most  recent  statement  showing  the  works,  furnaces  built 
and  in  blast  in  South  Staffordshire,  appears  as  follows  for  the 
year  1880  :— 

South  Staffoedshire. 


Ko. 


Kame  of  Works. 


I 
2 
3 

4 
5 
6 
7 
8 
9 

10 

11 

12 
13  ! 
14 
15 
16 

17 ; 

18  , 

19  . 
20 
21 
22 
23 
21 
25 
26 


I» 
n 
»» 


Barbor'B  Field,  Bilston 

Bovereux, 

Deepfields, 

The  Brook, 

Herbert  Park, 

Prior  Field, 

MiUfield, 

Spring  Yale, 

Capponfield, 

( Uorseley     Fields,    WoWer- 

\     hampton 

Old  Park, 

Chillington, 

6old*8  HiU,  West  Bromwich 

Crookhay,  ,, 

Corbyn's  Hall,  Dudley 

Netherton, 


>» 


f» 


Owners. 


Parkhead, 
Woodside, 
WindmiU  End, 
Buffery, 

Old  nm, 

Comgreares, 

Old  Level, 

New  Level,  Brierley  Hill    .    . 

Coneygre,  Dudley  Port,  Tipton 


>» 
»> 
It 


Carried  forward 


Barbor*s  Field  Co.  . 

Thomas  Holcroft 

Deepiields  Iron  Co. 

The  Brook  Furnaces  Iron  Co. 

David  Jones  &  Sons 

H.  B.  Whitehouse  &  Son    . 

W.  and  J.  S.  Sparrow  &  Co.  . 

Alfred  Hickman . 

John  Bagnall  &  Sons,  Limited 

Osier  Bed  Iron  Co. 

( Wolverhampton  and  Stafford- 
\     shire  Banlcing  Co.  . 
Chillington  Iron  Co.,  Limited 
John  Bagnall  &  Sons,  Limited 
H.  0.  f*irmstone     . 
Wm.  Matthews  &  Co.,  Limited 
M.  and  TV.  Grozebrook  . 
J.  H.  Pearson 
Phillips  and  McEwen     . 
Cochrane  &  Co.   . 
Sir  Horace  St.  Paul,  Bart. 
John  Jones  &  Son 
N.  Hinglev  &  Sons 
The  New  liritish  Iron  Co.   . 
James  Holcroft 
Earl  of  Dudley    . 


•FURNACES. 


Built 


Nos. 
2 
2 
3 
3 
1 
3 
3 
4 
3 


4 
3 
4 
3 
2 
2 
2 
2 
3 
1 
2 
6 
2 
5 
3 


In 
Blast 


Nos. 
I 
1 
0 
0 
0 

3» 
1 

4t 
1 


74 


0 

2 
1 
2 
1 
1 
1 
2 
0 
3 
1 


29 


*  One  furnace  for  ten  months. 
X  One  furnace  for  eight  months. 


t  One  furnace  for  three  months. 
§  One  furnace  for  six  months. 

M  M  2 
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SoTTTH  STAFFOBDSHiBE—conf tnuee?. 


No. 


27 
28 
29 
30 

31 

32 
33 

34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

52 

53 


Name  of  Works. 


Brought  forward 
Lays,  Dudley  Port,  Tipton 
Shut  End,  Dudley 
Corbyn'8  HalLNew  Dudley 
Broadwaters,  Wednesbury  . 
r  Darlaston  Steel  and  Iron,  ) 
\  Wednesbury  .  .  j 
Priestfields,  New,  Willenhall  . 
Bough  Hills,  Wednesbury 

Old  Park,  „ 

Willingsworth, 

Moxlev, 

Hatherton,  Walsall 

Pelsall,  „ 

Green  Lane,   „ 

Bentley, 

Willejihall, 

Castle, 

Tipton  Green,  Tipton 

Hange(Tiyidale),  „ 

Horseley, 

Park  Lane, 

Coseley  Moor,        „ 

Wednesbury  Oak,  „ 

6royeland,*Smethwick 

Brades  Hall, 

Park  Lane 

Union  Valley 

Stonefield 


Owners. 


W.  and  G.  Firmstone  . 
John  Bradley  &  Co. 
Bromley  Coal  and  Iron  Co. . 
Samuel  Groucutt  &  Sons 

Darlaston  Iron  and  Steel  Co. ,  Lim 

William  Ward  &  Sons    . 
Addenbrook,  Smith,  &  Pidcock 
f  Patent  Shaft  and  Axletree  Co., 
f      Limited .... 
Willingsworth  Iron  Co.  . 
Darid  Kose .... 
George  and  Richard  Thomas  . 
Pelsall  Coal  and  Iron  Co.    . 
Walsall  Iron  Co.     . 
Chillington  Iron  Co.    . 
The  Willenhall  Furnaces,  Lim. 
Castle  Coal  and  Iron  Co.,  lim. 
Roberts  &  Co. 
Round  Brothers  . 

I  John  Colboum  &  Sons 

Thos.  Turley  &  Sons 
Philip  Williams  &  Sons 
G.  H.  Hickman 
W.  and  E.  Onions 


I  Stour  \alley   Coal 
I      Co.,  Limited  . 
Thomas  Cvevr . 


and  Iron  \ 
.        .         ) 


TVBMJiiCIS. 


BoUt. 


Total  of  South  Staffordshire 


Nos. 
74 
3 
4 
4 
3 


2 
3 


2 
2 
2 
2 
2 
2 
3 
2 
4 
2 

4 

2 
2 
1 
2 
2 

3 

1 


In 
Blast 


137 


Nob. 
29 
1 
1 
0 
1 


0 
1 


1 
0 
0 

1 
1 

0 

2* 

0 

3 

1 

1 

1 
1 
0 
0 
0 

0 

0 


45 


Kalleable  Iron  Works :  — Bessemer  Steel  Works,  ajid  Coal 
employed. — The  malleable  iron  works  of  this  district  are  by  far 
the  most  numerous,  and  the  manufacture  the  most  varied,  of  the 
iron  producing  districts  of  Great  Britain,  including  heavy  iron 
works  for  railways,  pit  chains,  cables,  anchors,  and  the  diflferent 
forms  of  iron  fashioned  from  the  rolling  and  slitting  mills.  The 
ireat  importance  of  the  district  will  be  understood  from  the 
annexed  table,  showing  the  number  of  works  in  South  Stafford- 
shire in  each  year  since  1863,  with  their  aggregate  power  of  pro- 
luction,  appearing  in  the  number  of  jjuddling  furnaces  and  rolling 
mills,  in  each  of  the  years  named ;  and  for  comparison  the  total 
•lumber  in  Great  Britain  in  each  of  the  same  years  : — 


*  One  furnace  for  four  months. 
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Year. 

SOUTH  STAFFORDBHIBB. 

GREAT  BBITAZN. 

Works. 

Paddling 
Furnaces. 

Rolling 
Milla. 

Worka. 

Puddling 
Furoacea. 

Boiling 
Milla. 

1863 
1865 
1867 
1869 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Koa. 
118 
118 
115 
110 
122 
125 
124 
123 
131 
129 
125 
127 
126 
125 

Koa. 
1,821 
2,116 
1,801 
1,700 
2,037 
2,155 
2,145 
2,073 
2,046 
2,009 
1,936 
1,684 
1,589 
1,625 

Koa. 
226 
224 
283 
282 
320 
329 
327 
320 
329 
342 
338 
303 
306 
311 

Koa. 
223 
252 
254 
245 
267 
276 
287 
298 
314 
312 
300 
312 
312 
314 

Koa. 
5,013 
6,407 
6,009 
6,243 
6,841 
7,311 
7,264 
6,803 
7,575 
7,159 
6,796 
5,125 
5,455 
5,134 

Koa. 
654 
730 
831 
859 
866 
1,015 
939 
866 
909 
942 
935 
830 
846 
855 

The  process  of  puddling  may  be  briefly  stated  as  consisting  of 
the  conversion  of  pig  iron  into  malleable  iron.  This  is  effected 
by  one  or  more  operations,  which  are  necessai'ily  of  an  oxidising 
nature,  the  object  being  to  eliminate  from  the  cast  iron  the  carbon 
in  the  form  of  carbonic  oxide  gas,  and  the  silicon,  sulphur,  phos- 
phorus, and  other  foreign  bodies  in  the  form  of  oxidised  products, 
which  pass  either  partially  or  wholly  into  the  scoriee  or  cinder. 
The  pig  iron  is  either  subjected  to  a  preliminary  decarbmisation 
in  the  oxidising  blast  hearth,  or  reflnery,  and  the  operation  thus 
commenced  afterwards  completed  in  the  oxidising  air-furnace,  or 
puddling  furnace,  or  the  complete  conversion  of  the  crude  iron  is 
effected  by  one  operation  in  the  puddling  furnace  by  the  process 
called  "  boiling."  This  process  was  first  introduced  in  the 
Bloomfield  Works  ,of  Mr.  Joseph  Hall,  of  Tipton,  about  the 
year  1811,  and  consists  essentially  in  the  decarburisation  of 
the  pig  iron  by  contact  with  oxidised  compounds  of  iron, 
w^hereby  carbonic  oxide  is  produced  below  the  surface  of  the 
molten  metal  and  in  escaping  causes  the  appearance  of  ebulli- 
tion or  boiling. 

The  Bessemer  steel  works  of  the  district  are  represented  by 
the  Old  Park  Works  at  Wednesbury,  consisting  of  four  con- 
vertors,  each  of  a  capacity  of  three  tons. 

The  following  is  a  complete  list  of  the  works  in  South  Stafford- 
shire and  East  Worcestershire  in  the  year  1880,  with  the  number 
of  puddling  furnaces  and  rolling  mills  : — 
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No. 

Name  of  Works. 

• 
Name  of  Firm. 

Nearest  Port  or 
Railway  Station. 

No.  of 
Puddling 
Furnaces. 

No.  of 

Rolling 

Mills. 

1 

Brick  House 

R  Williams  &  Co.  . 

West  Bnnnwich    . 

7 

2 

2 

Bromford         .        .    . 

Juo.  Dawes  &  Sons     .     . 

II            * 

63 

1 

8 

Hall  End      . 

J.  T.  and  W.  E.  Johnson 

i»               • 

9 

2 

4 

Ridgacro  .       .        .    . 

>>               II         •     • 

II 

15 

2 

5 

Waterloo 

II               i>              * 

»»               • 

12 

1 

6 

Crook  Hay               .    . 

W.  and  G.  Finustone  .    . 

H                          " 

18 

2 

7 

Witton  Lane 

Roberts  &  Co. 

If                          • 

11 

2 

8 

Excelsior.  *    .        .    . 

Thos.  P.  Allen  &  Co.  .    . 

11                       * 

9 

1 

9 

Eagle    .... 

Eagle  Coal  and  Iron  Co.  . 

11                       • 

15 

ma 

10 

St^&ordshire    .        .    . 

Star  Iron  and  Tin  Plate  Co. 

II                    • 

•  • 

m  m 

11 

Providence  . 

Bridge,  Gill,  ii  Bridge     . 

II                       • 

22 

2 

12 

Roway     .... 

Edward  Page  &  Sous  .    . 

II 

20 

a 

13 

Stour  Valley 

Patent   Nut  and  Bolt 
(     Co.,  Limited 

II                       • 

10 

1 

14 

Dunkirk  .        .        .    . 

Thos.   Jordan   and  P.  \ 
Pearson  .       .        .    ) 

II                 •            ' 

9 

3 

15 

Wellington  . 

Gold's  Hill,  New     .    . 

Allen  &  Holden 

11                          * 

11 

2 

10 

Tliomas  Davis  &  Co.   .    . 

II                    • 

12 

2 

17 

Bush  Fann  .    *   . 

John  J.  Bo  water  &  Sons 

l»                          • 

•  ■ 

■  • 

18 

Richmond        .        .    . 

Samuel  Downing        .    . 

l> 

10 

2 

19 

Albion  .... 

Edward  Hall    . 

II                          ■ 

•  ■ 

•  ■ 

20 

ff                  •                •                •         • 

Albion  Sheet  Iron  Co.     . 

u                 • 

•  ■ 

•  ■ 

21 

BritannLi 

Britannia  Iron  Co.      .    . 

II 

10 

1 

22 

Atlas        .                .    . 

Parkes  and  Parkes  . 

1»                 • 

10 

3 

23 

Rabouc  Bridjre     . 

Rabone  Bridge  Iron  Co. . 

Smethwick 

.  . 

■ 
•  • 

24 

Excelsior.        .        .    . 

1  South  Staffordshire) 
\     Joint  Stock  Co.      .     ) 

II 

1 

25 

Anchor 

Batson  and  Ratcliffe 

II              • 

6 

1 

26 

District    .        .        .    . 

District  Inmand  Steel  Q). 

>»           •       " 

20 

4 

27 

Cape  Town   . 

W.  R.  Brookes 

n                           •       ' 

7 

o 

28 

Crowii      .        .        .    . 

Thos.  L.  Nicklin         .    . 

II                    • 

11 

3 

29 

London  and  Lion 

liondon  Works  Iron  Co. 

II                       •      • 

9 

3 

30 

Vulcan     .... 

Parkes         .        *       .    . 

n 

•  • 

•  • 

31 

Regents  Grove 

Beard  and  Elierhard 

II 

13 

6 

32 

Sandwell  .        ... 

Lones,  Vernon,  &,  Holden 

II                •           " 

16 

3 

33 

( Mourner    Lnnc    and 
Batman's  Hill     . 

Mounter  Lane  Iron  Co.    . 

Willenhall         .     . 

24 

8 

34 

Spring  Bank    .        .    . 

Catherine  Tipr>er        .    . 

f» 

•  • 

1 

35 

Dixon's  Green 

Frederick  Cresswell 

Dudley 

11 

1 

30 

Dudley  Port    .        .    . 

Plant  and  Fisher         .    . 

II 

20 

4 

37 

Groveland    . 

G.  H.  Hickman 

i»       " 

•  • 

•  ■ 

38 

Netherton        .        .    . 

Noah  Hingley  &  Sons      . 
Jno.  Bradley  &  Co. . 

It 

41 

4 

39 

Shut  End      . 

II 

28 

0 

40 

Globe       .        .        .    . 

Tividale  Iron  Co.        .    . 

Tipton 

•  • 

•    9 

41 

Tividale 

i»           ... 

»» 

•  • 

m  • 

42 

Alpha      .                .    . 

Joshua  Wilkinson  &  Sons 

II 

8 

2 

43 

Bloomfleld   . 

Wm.  Barrows  &  Sons 

»i       ■ 

58 

8 

44 

Crown      .... 

Edward  Bayley  .        .    . 

i« 

2 

45 

Cliurch  Lane 

Hoddell  and  Whitehou.«ie 

» 

13 

1 

46 

Albert      .        .        .    . 

John  Gittings  ii  Co.   .    . 

»i 

10 

2 

47 

Gospel  Oak  . 

Tipton  Iron  and  Wire  Co. 

f  1 

•  ■ 

•  • 

48 

Bummer  Hill  .        .    . 

W.  Millington  &,  Co. 
Philip  Williams  &  Sons  . 

II 

5 

4 

49 

Wednesbury  Oak . 

»i 

22 

5 

50 

Portfleld          .        .    . 

James  and  Chas.  Holcroft 

II 

IS 

4 

51 

Lea  Brook     . 

Chillington  Iron  Co. ,  Lim. 
Wm.  Himt  &  Sons  . 

11       • 

•  • 

•  • 

52 

Brades  (Iron  and  Steel) 

Oldbury 

3 

4 

63 

Ebenezer .        .        .    . 

Thomas  Perry     .        .    . 

»i       ' 

12 

3 

54 

Park  Lane    . 

F.  R.  Simpson  &  Co. 

11 

9 

1 

55 

Great  Bridge    .        .    . 

j  Great  Bridge  Iron  and  { 
I     Steel  Co.,  Limit<?d.     j 

Great  Bridge     . 

24 

2 

56 

Sheep  Wash . 

Stonehewer  and  Co. 

fi 

•  ■ 

•  • 

57 

Gothersley              .    . 

William  Finnemore    .    . 

Stourbridge      .    . 

■  * 

2 

58 

Bromley 

John  Raybould 

II 

16 

2 

59 

Broadwaters     .        .    . 

Hatton,  Sons,  &  Co. 

,,       .        .    . 

■  • 

2 

60 

Leys     .        .        .        . 

Brown  and  Fi-eer        .    . 

n                   •            ' 

27 

7 

61 

Hyde        .        .       .    . 

H.  0.  Femest^ne    . 

l>          •           • 

32 

7 

62 

Stomrbridge  . 

Jno.  Bradley  &  Co.     .    . 

ft 

20 

< 

«8 

Wliittington     .        .    . 

James  Williams  &  Co.     . 

n            •             • 

■  • 

•  • 

04 

Swindon 

E.  P.  and  W.  Baldwin    . 

II                •          " 

8 

3 

1 

Carried  forward . 

773 
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Na 

Name  of  Works. 

Name  of  Firm. 

Nearest  Port  or 
Railway  Station. 

No.  of 
Puddling 
Furnaces. 

No.  of 

Rolling 

MiUs. 

Brought  forward 

•               •               ■               •              • 

.        .        .          no 

149 

65 

Bank  Field  .       .       . 

8.  Groucntt  A  Sons    .    . 

Bilston      . 

.    . 

21 

4 

66 

Bradley  Field  .       .    . 

»»          ff         •       • 

II 

23 

4 

67 

Bilaton  Mill  and  Foi^e 

W.  &  J.  S.  Sparrow  &  Co. 

»i       • 

2t$ 

3 

68 

Bradley  Tin  Plate 

Hatton,  Sons,  ft  Co. 

II 

U 

4 

69 

Bradley,  New  .       .    . 

Gitting  and  Tolley      .    . 
Geo.  Tinn  &  Co.      . 

II       • 

11 

1 

70 

Deepflelds    . 

II 

20 

7 

71 

Bridge      .       . 

David  Jones  ft  Sons  .    . 

II       • 

•  • 

■  ■ 

72 

Herbert's  Park    . 

VI                     l>                  •               * 

II 

•  • 

•  • 

73 

Regent     .       . 

George  Onions    .       .    . 

»»       • 

9 

3 

74 

Stonefleld     . 

Bilston  Iron  Co. 

It 

1   ^      18 

5 

76 

Factory    .... 

II             ... 

II 

76 

Ettingshall  . 

The  Barbor's  Field  Co.    . 

II           • 

1 

•  • 

■  • 

77 

Moxley     .       . 

ThoB.  and  Chas.  Wells     . 

II       • 

•  ■ 

■  • 

78 

Bradley  Hall 

J.  £.  East  ft  Co. 

II 

3 

1 

79 

Capponfleld     .       .    . 

Chillington  Iron  Co. ,  Lim. 

Brieriey  Hill 

•  • 

•  • 

80 

Brockmpor  . 

BuddftCo.                 ,    . 

2 

6 

81 

Delph      .... 

f  Delph  Forge  and  RoU- ) 

{     ing  MillH  Co.       .        ) 

Hing  eys  and  Smith   .    . 

fi 

•  « 

■  ■ 

82 

Harts  Hills  . 

II           ■ 

34 

4 

88 

Round  Oak      .        .    . 

Earl  of  Dudley 

II       • 

X     55 

5 

84 

New  Level   . 

II             ... 

II           * 

1      ^ 

85 

Brettle  Lane    .        .    . 

Thos.  Webb  ft  Sons 

II       • 

10 

2 

86 

Brockmoor  . 

Jno.  Bradley  ft  Co.     .    . 

11           • 

•  ■ 

•  • 

87 

Brierley   .       .        .    . 

II           II         •        • 

II       • 

10 

8 

88' 

Coni^reaves . 

New  British  Iron  Co.  .     . 

II           • 

60 

8 

89 

l*rovideni*o      .        .    . 

Joseph  Penn  ft  Co.  . 

II       •       < 

I 

90 

Old  Level      . 

Henry  Hall .... 

II           • 

1({ 

2 

91 

Cradley    .       .        .    . 

S.  Evera  ft  Sons 

II       •       ' 

10 

S 

92 

Mnnmoor 

E.  T.  Wright  ft  Sons  .    . 

Wolverhampton 

25 

6 

93 

Mars        .... 

Geo.  Adams  ft  Sons 

II           * 

:       25 

5 

94 

Minora  Iron  and  Steel . 

Isaac  Jenks  ft  Sons    .    . 

II       * 

i        12 

3 

95 

Beaver     .... 

»i           »i         •        • 

11           ' 

• 

3 

90 

Hwan  Gardens 

JohnLysssht             .    . 
Osier  Bed  Iron  Co.  . 

II       • 

24 

7 

97 

Honieley  Fields      .    . 

It           • 

12 

3 

98 

Chillington  . 

Chillington  Iron  Co.,  Lim. 

II 

02 

12 

99 

Horseley  Fields       .    . 

E.  P.  and  W.  Baldwin     . 

n                 • 

3 

1 

100 

Cleveland     . 

Cleveland  Iron  Co.      .    . 

II           * 

10 

1 

101 

Manor      .       . 

Stephen  Thomson    . 

Walsail     . 

10 

2 

102 

Birehills       . 

James  BisseU  . 

13 

1 

103 

Birchills  Hall .       .    . 

(BirchillsHAllIronCo., 
I     Limited ... 

II   • 

12 

4 

104 

Staflbnlshire 

Bunch  ft  Sons . 

1*       • 

12 

6 

105 

Pelsall     .... 

S  Pelsall  Coal  and  Iron ) 
}     Co.,  Limited      .       ) 

II   • 

42 

6 

106 

Victoria  (Pleck)  . 

Henry  Mills  ft  Sons    .    . 

II 

6 

1 

107 

Cyclops   .       .        .    . 

John    Russell  ft  Co., 
Limited      . 

i»    • 

17 

2 

106 

Cormorant    . 

Harrison,  Hopkins,  ft, 
\     Harrison 

II 

11 

2 

109 

Cburchbridge  .       .    . 

W.  Gilpin,* sen.,  ft  Co.    . 

II   • 

8 

2 

110 

Darlastou  Qreen  . 

( Darlaston  Coal  and  Iron 
Co.,  Limited  . 

Darlaston . 

•  • 

«• 

111 

King's  Hill      .       .    . 

»»                   »»   .    . 

II 

•  • 

•  • 

112 

Old  Park      . 

(  Patent  Hhaft  and  Axle- 
(     true  Co.,  Limited  .    , 

Wednesbury 

)-     38 

4 

113 

Monway  Iron  and  Steel 

n                           >* 

»i 

114 

Brunswick   . 

II                            11 

II       • 

/ 

115 

Bull's  Bridge    .        .    . 

W.  Molinenx  ft  Co. 

II 

48 

5 

116 

Monway 

John  Marshall  ft  Co.  .    . 

II       • 

S 

117 

Bull's  Bridge  .       .    . 

Houthan,  Bradley,  ft  Co. 

II 

5 

2 

118 

Victoria 

Da\id  Rose                 .    . 

II       • 

10 

3 

119 

Toll  End  .... 

Jno.  Bagnall  ft  Sous,  Lim. 

Tipton   . 

\ 

120 

Lea  Brook    . 

II                   It 

II       •    ,  , 

■     00 

7 

121 

Gold's  HiU              .     . 

II                   " 

West  Bromwich    . 

122 

Imperial 

11                   II 

Wednesburj'  . 

/ 

123 

HlnkRfonl                .    . 

T.  an<l  G.  Hall 

Kins's  Winford     . 
Kidderminster 

•  • 

•  • 

124 

Cookley 

Jno.  Knight  ft  Co.      .    . 
E.P.  and  W.Baldwin    . 

'dshire  and  Worccsterehire 

10 

4 

125 

WUden     .... 
Total  of  South  Staffoi 

Stourport .       .    . 

5 

5 

1 

.        •       • 

. 

. 

icr> 
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Coal  used  in  Kalleable  Iron  Works. — In  considering  the 
question  of  the  consumption  of  coal  in  the  malleable  iron  and 
steel  works  of  this  district,  although  great  care  has  been  taken 
to  ascertain  the  quantities  used,  it  is  only  possible  to  arrive  at 
an  approximate  result.  It  may,  however,  be  generally  stated 
that  the  average  quantity  of  coal  used  annually  in  a  puddling 
furnace  in  this  district,  working  regularly  throughout  the  year, 
(deduced  from  numerous  returns,)  varies  between  800  and  900 
tons,  or  an  aggregate  annual  consumption  of  not  less  than 
1,600,000  tons  in  1863,  increased  to  nearly  2,000,000  tons  from 
1871  to  1876,  and  a  diminished  consumption  since  that  period. 
These  quantities  include  fuel  used  in  the  tin-plate  works,  as 
well  as  the  fuel  employed  for  all  purposes  where  heat  is  re- 
quired. The  total  coal  employed  in  these  works  in  1879  was 
1,567,600  tons,  and  in  1880  it  amounted  to  1,656,958  tons. 

Prices  of  Finished  Iron. — ^It  is  scarcely  necessary  to  describe 
the  general  qualities  of  Staffordshire  iron.  These  are  well  known 
to  every  one  engaged  in  the  iron  trade.  Forty  years  ago  an 
eminent  authority,  in  ^ting  on  the  characteristic  differences 
between  the  cast  iron  made  in  different  parts  of  Great  Britain, 
observed  that  "the  Staffordshire  metal  runs  remarkably  fluid 
and  makes  fine  sharp  castings.  The  Welsh  is  strong,  less  fluent, 
but  is  said  to  produce  bar  iron  of  superior  quality.  The  Derby- 
shire iron  also  forms  excellent  castings,  and  may  be  worked  with 
care  into  very  good  bar  iron.  The  cast  iron  produced  in  Stafford- 
shire and  Shropshire  generally  commands  a  higher  price  than  the 
irons  of  other  districts,  except  some  of  the  best  brands  of  the 
West  Biding  of  Yorkshire." 

The  highest  price  ever  attained  in  South  Staffordshire  for 
finished  iron  was  £16  a  ton,  a  price  which  it  commanded  in  the 
summer  of  1872.  Its  lowest  point  was  £7  10s.,  which  it  stood  at 
for  barely  two  months  in  1879,  and  which  it  has  again  touched. 
It  has  also  previously  approached  the  latter  figure.  In  1863  and 
two  previous  years  its  average  price  was  £7  15s.,  and  again  in 
1868—69  it  sold  at  that  price.  Till  1872  what  might  be  termed 
its  normal  price  was  between  £8  and  £9  a  ton.  The  average 
price  of  Welsh  bars,  excepting  the  years  1872  and  1873,  has  been 
from  £5  6s.  to  £6  6s.  a  ton.  The  greatest  variation  in  prices 
took  place  during  the  last  ten  years,  as  appears  from  the  follow- 
ing account  of  them  for  that  period  : — 
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Pbices  of  Soxttb  Stapfobbshire  marked  Ibon. 


Date. 

Rise  or  Fall. 

Price  per  Ton. 

Number  of 
Weeks  Duration. 

t. 

&     t. 

January  1, 1871 

•  •• 

8     0 

35 

SeptemW  7, 1871 

•     • 

BiselO 

8  10 

25 

October  15,  1871 

„     10 

9    0 

5 

January  1,  1872  . 

„    40 

11     0 

5 

February  3,  1872 

,.     20 

12     0 

10 

April  11,  1872      . 
May  16,  1872    . 

„     10 

12  10 

3 

„     10 

13    0 

5 

June  20,  1872 

„     20 

14    0 

1 

June  27,  1872  . 

,.    20 

15     0 

2 

July  11,  1872       . 

„     20 

16    0 

12 

October  3,  1872 

Fall  40 

14    0 

4 

October  31,  1872 . 

„    40 

12    0 

11 

January  16,  1873 

"Rise  20 

13    0 

4 

February  13,  1873 

„    20 

14    0 

4 

March  13,  1873 

„    40 

16    0 

16 

July  3,  1873 

Fall  40 

14    0 

52 

July  8,  1874     . 

„     40 

12    0 

13 

October  7,  1874  . 

„     20 

11     0 

38 

July  7,  1875     . 

„     20 

10    0 

42 

April  26,  1876      . 

»     20 

9    0 

71 

September  7,  1877 

„     10 

8  10 

54 

September  17,  1878 

„     20 

7  10 

7 

November  6,  1879 

Hifte  10 

8    0 

7 

December  31,  1879 

„    20 

9    0 

13 

April  30,  1880  . 

Fall  20 

8    0 

22 

October  6,  1880   . 

„     10 

7  10 

still  current. 

This  account  of  the  market  value  of  the  finished  iron  of 
South  Staffordshire  indicates  that  it  is  used  for  special  purposes. 
These  purposes  are  almost  innumerable.  It  has  hitherto  been 
regarded  as  an  indispensable  material  for  making  the  best  quality 
of  goods.  There  is  scarcely  any  description  of  finished  iron, 
excepting,  of  course,  mild  steel,  that  is  not  produced  in  South 
Staffordshire ;  from  boiler-plates  and  rails,  down  to  the  most 
delicate  and  fanciful  wares  to  be  found  in  the  ironmonger's  shop. 
Of  late  years  mild  steel  has  come  into  competition  with  it  for 
the  heavier  class  of  goods  produced  there,  such  as  rails,  boilers, 
girders,  &c.  But  for  many  other  purposes  Staffordshire  pig  is 
still  indispensable,  such  as  ironmongery,  chains,  tin  plates,  gun 
barrels,  nails,  and  similar  articles.* 


Colliery  Guardian,  March  4, 1881,  p.  SSI. 


CHAPTEE   XII. 

NORTHAMPTONSHIRE  IRON  INDUSTRIES. 

Geology  of  the  Ironstone  Deposits  of  the  Northampton  Sand — ^Analjses,  Prodnction, 
and  Distribution  of  Ironstone — Iron  Mines  in  1880 — Pig  Iron  Manufacture — 
Early  History — Direct  Process  (Dr.  C.  W.  Siemens*  Patent)  for  making  Iron 
and  Steel  at  Towcester— Iron  Works  in  operation  in  1880 — Production  of  Pig 
Iron — Coal  and  Ironstone  used  in  Pig  Iron  Manufacture. 

Nortliamptoiishire  Ironstone  Deposits. — The  *'  Northampton 
sand,"  a  subdivision  of  the  Lower  Oolitic  formation,  in  which 
those  vast  deposits  of  ironstone  occur,  reposes  upon  the  Upper 
Lias  Clay,  and  is  composed  of  ferruginous  sands,  sandstones,  and 
in  some  places  assumes  a  concretionary  character,  in  the  form  of 
a  thin  coating  of  ironstone,  inclosing  loose  sand.  In  the  neigh- 
bourhood of  the  iron-bearing  districts  the  following  table  shows 
the  superposition,  in  descending  order,  of  the  strata : — 

Alluvium. 

Gravel  of  the  New  and  Ise  Valleys. 

Oxford  Clay. 

Comhrash  (Blue  Limestone  and  day). 

Great  Oolite  (White  Limestone  and  clay). 

Northampton  Sands  (Leon  Sand  and  Sandstones,  the  equivalent  of  the 

Stonesfield  Slate). 
Upper  Lias  Clay, 

In  the  Upper  Lias  Clay  there  are  numerous  brick  j'-ards,  in  which 
brick-making  is  extensively  carried  on;  lower  in  the  geological 
series  occurs  the  "  Marlstone,'*  or  **  Middle  Lias,"  and  the  Lower 
Lias  Clay  below;  while  above  the  Northampton  sand  in  the 
southern  part  of  the  county  occurs  the  Great  Oolite,  consisting 
of  light  coloured  limestones  and  clays,  and  higher  still  the 
Cornbrash  and  Oxford  Clay.  The  beds  of  ironstone  vary  in 
thickness  from  4  to  18  feet  and  even  more,  and  with  an  equally 
varying  "  over-burden,"  in  some  localities  but  a  few  feet ;  while 
at  Cogenhoe  and  "Woodford,  the  former  a  few  miles  from  North- 
ampton  on   the  line  to  Peterborough,  and  the  latter  between 
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Thrapston  and  Kettering,  it  exceeds  20  feet,  and  in  these  places, 
the  stone  was  formerly  mined  by  underground  workings.     At 
Cogenhoe  the  bed  of  ironstone  is  well  defined,  and  has  a  thick- 
ness of   5  feet,   the  over-burden  being  composed  of  a  loose 
reddish  earth,  associated  with  sand,  in  which  fossils  occur  in 
abundance  to  a  depth  of  14  feet,  and  beneath  this  is  a  stratum  of 
pure  white  sand  (at  times  coloured  with  peroxide  of  iron),  and 
haying  the  appearance  of  chalk ;  the  ironstone  bed  below  has  a 
slight  dip  to  the  north-east.     The  stone  here  obtained  is  very 
compact,  and  gives  on  analysis  42  per  cent  of  metallic  iron.     At 
Gayton,  to  the  west  of  Northampton,  near  Blisworth,  the  ironstone 
is  from  10  to  14  feet  thick,  the  over-burden  being  but  a  few  feet> 
while  at  Easton  Neston,  near  Towcester,  it  varies  from  6  inches 
to  8  feet.     Neai'  Northampton,  at  Hunsbury  Hill,  the  ironstone 
attains  a  thickness  of  from  12  to  14  feet,  and  with  a  covering  of 
6  feet,  consisting  of  soil  2  feet,  and  8  feet  of  fine  white  sand 
and  marl  below.     In  the  north  of  the  county  and  on  the  borders, 
of  Leicestershire,  the  bed  of  ironstone  is  well  defined,  extending 
for  several  miles  along  the  Midland  Eailway  to  Finedon,  and 
thence  to  Wellingborough,  and  as  fai*  as  Blisworth  and  Gayton,. 
and  on  to  the  to\vn  of  Northampton.    At  Duston,  near  North- 
ampton, stone  is  found  fully  16  feet  thick,  and  this  is  exceeded 
on  some  estates  as  previously  stated,  notably  those  at  Woodford 
of  Mr.  Arbuthnot,  and  at  Cranford,  on  tlie  estate  of  Sir  John 
Eobinson,  bart. ;  again,  at  Islip,  between  the  last-named  place 
and  Thrapston.    At  Islip  the  ironstone  is  extensively  wrought 
and  smelted  in  the  furnaces  of  the  same  name;  the  ironstone 
obtained  in  these  districts  is  of  very  good  quality.     In  other 
localities  the  stone  is  not  so  rich,  it  also  varies  considerably  in 
weight,   according  to  the    richness,   density,    or  other  general 
character  of  the  stone.    A  cubic  yard  of  ironstone  in  "  situ " 
with  shale  and  adhering  rock  will  weigh  about  24  cwts. ;  but  to 
weigh  that  it  must  be  clean,  and  entirely  fi-ee  from  sand  walls, 
dirt,  &c.     It  will  therefore  be  apparent  that  ii'onstone  varying  so 
much  in  thickness  and  containing  numerous  "  faults,"  such  as 
walls  of  sand  and  clay,  that  the  actual  yield  or  weight  of  the 
stone  as  it  lies,  cannot   be  accurately  determined.     Near  the 
Midland  Eailway  at  Wellingborough,  where  the  ironstone  has 
been  vigorously  worked  by  the  Messrs.  Butlin   &   Co.,  it  ap- 
pears that  one  field  of  9  acres,  in  which  the  thickness  of  the 
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bed  of  ironstone  varied  from  12  feet,  6  feet  of  which  was  solid 
rock,  the  remainder  containing  a  good  deal  of  "  siftings  "  gave 
.98,286  tons  of  ironstone,  an  average  of  nearly  11,000  tons  per 
acre,  but  some  parts  of  the  same  field  gave  over  12,000  tons  per 
acre.  These  facts  will,  so  far  as  the  ironstone  is  concerned,  show 
conclusively  its  value  in  some  districts,  and  its  production  per 
acre  as  welL  The  great  seam  of  ironstone  in  Cleveland,  be 
it  remembered,  yields  20,000  tons  per  acre.  In  another  field, 
worked  by  the  same  firm  at  Wellingborough,  the  ironstone  is 
from  15  to  16  feet  thick,  and  some  varieties  of  stone  from  this 
seam  selected  for  analysis  have  given  nearly  50  per  cent,  of  metallic 
iron.  The  stone  is  worked  from  the  surface  as  a  quarry,  and  an 
interesting  matter  connected  with  the  working  of  the  U'onstone  at 
Wellingborough,  is,  as  soon  as  it  is  got  the  land  is  made  good 
again,  and  fit  for  agricultural  purpose.  In  one  tract  of  ground, 
now  in  a  state  of  cultivation,  no  less  than  200,000  tons  of  iron- 
stone was  obtained,  and  yet  its  appearance  would  not  suggest 
that  it  had  been  disturbed.  For  the  transport  of  the  stone  ample 
facilities  are  provided,  trucks  bringing  coals  to  the  iron  works  are 
quickly  unloaded,  and  as  quickly  charged  with  ironstone  at  the 
mines  or  quarries,  and  moved  on  to  the  railway  siding  for  ex- 
portation or  otherwise. 

Seeing  that  many  of  the  old  districts  on  which  dependence  was 
formerly  placed  for  the  supply  of  iron  ore  are  gradually  being 
exhausted,  Northamptonshire  is  evidently  destined  to  become  an 
important  iron-making  centre.  This  appears  in  the  increased 
activity  from  year  to  year,  and  the  production,  which  in  1880 
amounted  to  1,550,108  tons,  compared  with  107,985  tons  in  the 
year  1857. 

Analyses  of  the  Ironstone. — The  ironstone  raised  at  Heyford 
and  Wellingborough,  and  examined  at  the  Royal  Arsenal  at  Wool- 
wich *  are  thus  described : — Heyford  ore  :  "  Ochrey  brown  iron- 
stone, hydrated  peroxide  of  iron  from  the  same  district,  and  similar 
in  general  character  to  the  ore  from  Wellingborough.  The  sample 
analysed  was  an  average  of  the  two  specimens  received."  The 
W^ellingborough  ore  :  "  Three  samples  of  the  ochrey  brown  iron- 
stone of  the  district  were  forwarded.  They  were  of  various  de- 
grees of  hardness  and  density,  though  all  consisted  principally 

*  "  Cast  Iron  Ezperiments/*  Parliamentary  Betttm,  No.  497,  Jane,  1858. 
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of  hydrated  peroxide  of  iron.    An  average  sample  was  prepared 
for  the  purpose  of  analysis."     The  results  are  thus  tabulated  : — 


Const!  taents. 

Hej'ford. 

WelUngborough. 

Pei-oxide  of  iron 

Protoxide  of  iron         .        .     . 

Oxide  of  manganese 

Alumina 

Carbonate  of  lime     . 
Carbonate  of  magnesia         .     . 
Phosphoric  acid 
Water  hygroscopic       .        .     . 
Water  in  combination 
Insoluble  residue         .        .     » 

Metallic  iron    .... 

56-20 
trace. 
0-20 
2-43 
0-49 
0-17 
0-84 
1-16 
9-74 
29-07 

76-00 
trace. 
0-40 
2-30 
0-41 
0-11 
1-03 
1-80 
12-40 
5-33 

100-30 

99-78 

39-34 

53-20 

In  neither  ore  does  there  appear  to  have  been  any  appreciable 
amount  of  sulphur  discovered,  the  insoluble  residue  in  the  Weedon 
ore  consisting  of  quartz,  soluble  silica,  and  a  little  mica,  and  the 
Wellingborough  silica  almost  entirely,  with  a  trace  of  mica. 

The  Wellingborough  ore  raised  by  the  Messrs.  Butlin,  Bevan, 
&  Co.,  and  smelted  at  the  East-end  and  Irthlingborough  Iron 
Works  (the  former  long  since  dismantled),  has  been  examined  in 
Dr.  Percy*s  laboratory  in  the  Royal  School  of  Slines,  and  is  thus 
described  : — "  The  ore  consists  essentially  of  earthy  hydrated 
sesquioxide  of  iron.  It  is  oolitic  in  structure,  and  ochre-brown 
in  colour,  the  insoluble  residue  consisted  almost  entirely  of 
silicious  oolitic  concretion,  but  on  dissolving  these  in  potash  a 
small  amount  of  residue  was  left,  containing  a  quartzose  sand, 
scales  of  mica,  and  minute  spherical  particles  of  magnetic  oxide 
of  iron.  The  ore  contains  numerous  marine  shells,  and  occurs 
in  the  Northampton  sand,  which  lies  at  the  base  of  the  Great 
Oolite,  and  is  the  geological  equivalent  of  the  Stonesfield  slate. 
A  trace  of  copper  was  detected  in  600  grains  of  the  ore." 

Other  ores  from  the  neighbourhood  of  Wellingborough  show 
the  following  chemical  constituents.  The  first  analysis  was 
made  by  Mr.  John  Spiller,  the  second  and  third  by  Mr.  Edward 
Riley,  and  yield  respectively  of  metallic  iron  87*00  per  cent., 
24*09  per  cent.,  and  35*87  per  cent.  The  amount  of  phosphoric 
acid  contained  in  each  ore  being  respectively  1*26  per  cent.,  1*47 
per  cent.,  and  1*28  per  cent. : — 
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BeSXTLTS  TABtJIiATEB. 


ConBtitaents. 

First. 

Second. 

Third. 

Sesquioxide  of  iron 

52-20 

34-41 

50-31 

Protoxide  of  iron     .        .        .     . 

trace. 

trcu». 

trace. 

Protoxide  of  manganese 

0-51 

0-27 

0-51 

Alumina 

7-13 

6-19 

7-25 

Lime 

713 

25-68 

11-76 

Magnesia 

0-57 

0-85 

0-62 

Silica  ...... 

1-60 

0-89 

0-22 

Carbonic  add 

4-92 

18-45 

7-98 

Phosphoric  acid  .... 
Sulphuric  acid         .        .        .     . 

1-26 

1-47 

1-28 

• .  • 

0-07 

•  •  • 

Bisulphide  of  iron 

0-03 

0-30 

017 

Water  hygroscopic  and  combined 

11-37 

6-97 

11-00 

Ignited  insoluble  matter 

13-55 

5-82 

9-33 

100-27 

101-37 

100-43 

Insoluble 

Residue. 

Silica 

11-56 

5-80 

8-58 

Alumina 

Sesquioxide  of  iron .                .    . 

0-26 
0-66 

1     0-21   1 

0-27 
0-22 

Lime 

0-33 

0-04 

0-16 

Magnesia 

0-11 

002 

trace. 

Potash 

Metallic  iron        .... 

•  •  * 

... 

Oil 

12-92 

6-07 

9-34 

37-00 

24-09 

35-37 

The  prevailing  mineral  characters  of  the  clays  and  sands  of  the 
formation  containing  the  ferruginous  beds  are  very  fully  described 
by  Prof.  J.  W.  Judd,*  in  his  memoir,  "  The  Geology  of  Butland, 
&c./*  in  which  work  an  interesting  chapter  appears,  "  On  the 
Conditions  under  which  the  Northampton  Sand  was  deposited.'* 

Other  samples  t  of  these  ironstones,  examined  by  Mr.  A.  Dick, 
consisting  of  an  inner  and  outer  portion  respectively  of  a  lump  of 
Northamptonshire  ore,  are  thus  described,  and  give  the  following 
results : — 

"  The  inner  portion,  it  will  be  observed,  consists  for  the  most 
part  of  carbonate  of  protoxide  of  iron,  and  the  outer  portion  of 
hydrated  sesquioxide,  the  latter  having  been  clearly  derived  from 
the  former  by  atmospheric  action  : — 

•  "  Geology  of  Butland,"  p.  128. 

t  Percy's  "  MetaUiirgy  of  Iron  and  Steel,"  p.  20D. 
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Results  Tabulated. 


Constituents. 


Inner  Portion. 


Sesquioxide  of  iron  . 

Protoxide  ot  iron 

Protoxide  of  manganese 

Alumina 

Lime 

Magnesia 

Potask 

Silica  .... 

Carbonic  add  . 

Phosphoric  acid  . 

Sulphuric  acid  . 

Bisulphide  of  iron 

Water  combined 

Organic  matter    . 

Ignited  insoluble  residue 


33-29 
1-11 
4-62 
0-50 
7-96 

•  •  • 

1-99 

24-79 

0-22 

trace. 

0-13 

0-54 

008 

24-09 


Outer  Portion. 


38-04 
10-54 

0-69 
12-35 
trace. 

4-13 

•  •  • 

1-96 
0-16 
0-26 

trace. 
0-13 
6-92 
0-19 

24-61 


99-32 


99-98 


Insolxtble  Residtte. 


SiHca^      . 

AlriTninft. 

Sesquioxide  of  iron  . 
Lime   . 
Magnesia 
Potash 


Metallic  iron    • 


17-50 
3-27 
3-31 

trace. 
0-81 
0-20 


2509 


28-28 


21-28 
2-67 
■  .• 

trace. 
0*22 
0-38 


24-55 


34-83 


It  is  further  remarked  that  no  metal  precipitated  by  sulphuretted 
hydrogen  was  detected  in  a  solution  of  880  grains  of  the  ore  of 
the  inner  portion.  On  the  contrary,  extremely  minute  traces  of 
copper  and  lead  were  detected  in  a  solution  of  744  grains  of  the 
ore  of  the  outer  portion,  so  that  these  metals  appear  to  have  been 
communicated  to  the  ore  by  water  from  without. 

The  ironstone  worked  in  the  neighbourhood  of  Blisworth,  where 
the  deposit  attains  considerable  thickness,  shows  the  following 
constituents;  the  samples  submitted  for  examination  were  selected 
from  unweathered  portions  of  the  bed,  from  the  upper  and  lower 
parts,  and  the  analysis  made  by  the  late  Mr.  David  Forbes,  F.R.S. 
An  average  sample  of  the  stone  worked  at  Blisworth  by  Messrs. 
Bevan  &  Co.  shows  the  results  stated ;  the  stone  yielding  40  per 
cent,  of  metallic  iron. 
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Constituents. 


Lower 
Portion. 


Upper 
Portion. 


Protoxide  of  iron 

Sesquioxide  of  iron 

Bisulphide  of  manganese 

Protoxide  of  iron 

Alumina  . 

Lime    . 

Ma^esia 

Carbonic  aoid 

Phosphoric  acid 

Potash 

Soda 

Sulphur 

Silica 

Organic  matter 

Water       .        . 

Loss  by  calcination 

Total 


40-93 
614 
• .  • 
0-16 
8-08 
3-47 
2-21 

22-32 
1-99 
0-19 
0-27 

ti*ace. 
9-04 

4-92 


49-58 
5-67 
0-96 
0-16 
1-56 
3-24 
0-46 

34-64 
0-44 


2-16 

trace. 

1-56 


Blisworth 
Stone. 


67-79 


0-70 
2-03 
0-40 
0-52 

•  «• 
1-20 


trace. 
11-40 


26-02 


99-72 


100-43 


10006 


The  specific  gravity  at  60°  Fahr.  was  found  to  be  8*401 ;  and 
an  examination  by  the  microscope  showed  it  to  consist  almost 
entirely  of  two  mineral  constituents,  the  one  crystalline  and 
colourless,  being  chiefly  carbonate  of  iron,  and  the  other  of  a 
green  colour,  probably  silicate  of  alumina  and  iron.  Whether 
the  green  colour  is  due  to  it  or  the  presence  of  phosphate  of  iron 
is  not  decided,  but  it  appears  probable  that  a  green  silicate  does 
exist  in  the  mineral. 

The  ironstone  raised  at  Brixworth  and  Thrapston,  the  former 
examined  by  Dr.  Noad,  F.R.S.,  the  latter  by  Dr.  Percy,  F.R.S., 
show  the  following  constituents.  The  ore  was  dried  by  exposure 
in  a  finely  pounded  state  in  the  air  of  the  private  room  of  the 
laboratory. 


Constituents. 

Brixworth. 

Thrapston. 

Peroxide  of  iron 

SiUca 

Magnesia          .... 

Alumina 

Lime 

Phosphoric  acid  .        .        .     . 

Sulphur 

Oxide  of  manganese    .        .     . 

Loss  by  calcination  . 

Water 

64-20 

14-80 

1-72 

... 

6-892 
2-80 
15-40 

64-72 
11-40 
0-53 
3-49 
3-96 
2-06 
0-07 

•  •  • 

15-16 

a  •  • 

Total 

99-812 

101-39 
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The  material  selected  for  the  analysis  of  the  Brixworth  stone 
was  obtained  from  the  catting  of  a  vertical  groove  in  the  face  of 
the  rock,  exte;iding  from  the  top  to  the  entire  depth.  The  yield 
of  metallic  iron  from  this  stone  was  43*98  per  cent,,  the  Thrapston 
ore  giving  45'31  per  cent. 

The  ironstone  in  the  neighbom*hood  of  Easton  Neston,  near 
Towcester, — where  the  bed  has  an  average  thickness  of  6  feet, 
dipping  slightly  to  the  east, — ^is  described  as  hard  and  compact, 
and  has  been  found  very  suitable  for  reduction  by  the  Siemens 
process.  Several  analyses  of  this  ore  made  in  the  laboratory  of 
the  Towcester  Iron  Ore  Co.  give  the  following  results.  The 
analyses  were  made  by  Mr.  H.  Le  Neve  Foster,  the  last  sample 
of  ore  (No.  5)  being  previously  calcined : — 


Constituents. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  6. 

Peroxide  of  iron 

54-10 

50-70 

52  04 

51-00 

66-60 

Protoxide  of  iron       .     . 

trace. 

trace. 

trace. 

2-00 

•  •  • 

Protoxide  of  manganese. 

trace. 

0-11 

2-23 

0-20 

trace. 

Ijime      .... 

•  •  • 

«  •  • 

... 

1-70 

• .  • 

AliiTnifi^     .          ,          -      r 

12-70 

14-10 

8-76 

10-00 

15-13 

Silica     .... 

12-30 

15-30 

16-30 

14-00 

11-90 

Phosphoric  acid         .     . 

Sulphur 

Carbonic  acid  and  water 

Total      . 

Motallio  iron     .        .    . 

2-15 

2-10 

•24 

1-50 

1-37 

trace. 

trace. 

0-33 

trace. 

•62 

19-80 

16-30 

19-50 

19-60 

3-50 

101-05 

98-61 

99-40 

100-00 

99-12 

37-90 

35-50 

37-43 

37-20 

46-67 

The  ironstone  in  the  southern  part  of  the  county  near  Cul worth, 
worked  but  to  a  limited  extent,  gives  the  following  results  on 
analysis : — 

Besults  Tabulated. 

Peroxide  of  iron 60-89 

Lime 1*12 

Alumina 2*80 

Magnesia trace. 

Phosphoric  acid 1-27 

Snlpnurio.acid trace. 

Sand  and  silicate 19.96 

Moistare  and  combined  water 13*04 

Loss,  &c 0-92 

Total 100-00 

N  K 
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The  equivalent  of  metallic  iron  contained  in  tlie  above  per- 
oxide was  42*62  per  cent.,  other  analyses  of  the  same  stone,  made 
at  Birmingham,  gave  44*16  per  cent. ;  at  Oxford,  48*07  per  cent. ; 
and  in  London,  42*80  per  cent.,  showing  an  average  of  48  per 
cent. 

The  ore  raised  by  the  Cogenhoe  Iron  Ore  Company  gives  from 
48  to  48*50  per  cent,  of  metallic  iron,  the  latter,  of  which  the 
annexed  is  an  analysis,  giving  in  the  calcined  state  55*25  of 
metallic  iron  : — * 

Bestjlts  Tabulated. — Obe  dried  at  212''  Fahb. 

Peroxide  of  iron 68-29 

Oxide  of  manganese 1*02 

Alnmina 308 

Lime 1*65 

Magnesia 1*08 

Sulphur 0.07 

Phosphoric  acid 0*53 

Sulphuric  acid 0*43 

SiliciouB  matter 10*80 

Combined  water 12*03 

Total        .....    99*97 


The  following  analysis,  by  Dr.  Voelcker,  F.R.S.,  of  a  friable 
portion  of  the  Northamptonshire  iron  ore,  obtained  from  a  locality 
situated  near  Blisworth,  shows  a  great  reduction  in  the  quantity 
of  iron,  and  a  considerable  increase  in  the  earthy  constituents : — 

EeSTJLTS  TABULATED.t 

Protoxide  of  iron 0*875 

Sesquioxide  of  iron 21*280 

Phosphoric  acid 1*030 

Sulphuric  acid        .        . 0*219 

Silica,  lime,  alumina,  magnesia,  &c.,  not  separately  deter- 
mined        76*596 

Total 100000 


In  the  following  appears  a  summary  of  the  amount  of  metallic 
iron  contained  in  the  ironstone  of  the  mines  named,  and  in  each 
case  where  known  the  name  of  the  analyst  is  given : — 

*  The  Author  was  favoured  with  this  analysis  by  Mr.  M.  C.  Cohen,  of  the 
Cogenhoe  Iron  Ore  Company,  who  is  also  working  the  iron  ore  de{)08its  at 
Caythorpe  in  Lincolnshire. 

t  *  Geology  of  Rutland,"  p.  127. 
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Mine. 


Blisworth . 


99 


Brixworth 
Culworth 
Doston 

Burton  Latimer 
Cogenhoe  . 

Desborougti 

»>  •        • 

Gayton 

Heyford 

Hardingfitone    . 

Northamptonshire  Ore* 


99 


>l 


Thrapston 
Weeaon     . 
Wellingborough 

»»  •        • 


>i 


Woodford  . 
Towoester 


99 


Analyst. 


Metallic  Iron. 


Dr,  Percy 
Mr.  Harris 
Dr.  Noad 


Dr.  Percy 


Mr.  Judkins 
Mr.  A.  Dick 


Dr.  Percy 
Woolwich  Arsenal 

I*  >» 

Mr.  John  Spiller 

Mr.  Edw.  BUey 

Dr.  Percy . 

Mr.  H.  Le  Neye  Foster 


>» 

99 
»» 


4000 
40-00 
43-93 
4300 
40-00 
35-00 
43-00 
48-50 
38-00 
36-79 
42-00 
39-34 
52*05 
28-28 
34-83 
36-79 
39*34 
53-20 
37-00 
35-37 
44-00 
37-90 
35-50 
37-43 
37-20 
46-67 


Prodnetioii  and  lUstribntion  of  Ironstone. — ^Dr«  Percy  relates 
the  following  incident  showing  the  circumstances  under  which  the 
working  of  the  ironstone  deposits  of  the  Northampton  sand  was 
resumed  in  modem  times: — "The  introduction  of  the  North- 
amptonshire ore  is  only  of  recent  date.  Not  long  previous  to 
the  International  Exhibition  of  1851,  Colonel  (now  General) 
Arbuthnot  called  upon  me  in  Birmingham,  where  I  then  resided, 
and  requested  my  opinion  on  the  specimen  of  the  ore  which  he 
left  with  me.  I  found  it  to  contain  a  sensible  quantity  of  sesqui- 
oxide  of  iron  and  a  very  large  amount  of  silicious  sand.  I  made 
no  quantitative  examination  of  it;  and  certainly  the  specimen 
in  question  did  not  prepossess  me  in  its  favour.  However,  I  re- 
ferred the  Colonel  to  my  friend,  Mr.  S.  H.  Blackwell,  of  Dudley, 
who  visited  the  locality  of  the  ore  in  order  to  examine  it  in  situ. 
He  obtained  samples  much  richer  in  iron  than  that  which  was 
placed  in  my  hands.  He  prosecuted  inquiries  on  the  subject 
with  his  usual  energy,  and  the  result  has  been  the  discovery  of  an 


*  Locality  not  stated. 
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extensive  deposit  of  ore,  which  has  since  been  smelted  in  large 
quantities  in  South  Staflfordshire,  Derbyshire,  and  South  Wales."* 
The  deposits  in  the  neighbourhood  of  Blisworth  and  Weedon 
in  tlie  year  1855  produced  74,084  tons,  increased  to  91,592  tons- 
in  the  year  1856 ;  of  this  quantity  1,592  tons  was  sent  out  of  the 
district  by  canal,  and  90,000  tons  by  rail.  Again,  in  the  year 
1857  the  }ield  increased  to  107,985  tons  ;  of  this  quantity  29,550^ 
tons  were  smelted  in  the  iron  works  of  the  county,  the  remainder 
being  distributed  by  the  London  and  North- Western  and  Midland 
Eailways ;  since  tliat  date  the  output  of  the  mines  of  Northamp- 
tonshire has  been  as  follows  : — 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1857 

107,985 

1869 

540,259 

1858 

140,485 

1870 

887,020 

1859 

130,098       • 

1871 

914,435 

1860 

95,664 

1872 

1,174,211 

1861 

113,129 

1873 

1,412.255 

1862 

116,718 

1874 

1,056,478 

1863 

126,578 

1875 

1,085,898 

1864 

335,787 

1876 

1,161,130 

1865 

364,349 

1877 

1,049,806 

1866 

476,981 

1878 

1,189,443 

1867 

416,765 

1879 

1,211,406 

1868 

449,116 

1880 

1,550,103 

The  ironstone  is  widely  distributed,  its  silicious  character 
rendering  it  useful  as  an  admixture  with  the  argillaceous  ores  of 
the  coal  measures.  The  great  bulk  is  sent  away  to  South  Wales, 
Derbyshire,  and  South  Staflfordshire,  bearing  a  carriage-rate  by 
railway  of  from  2s.  6d.  to  Is.  6d,  according  to  distance.  Like  the 
ironstone  of  North  Lincolnshire  it  is  easily  wrought,  and  is  put 
into  railway  waggons  at  the  mines  at  prices  varying  from  2».  6cl. 
to  48,  per  ton,  according  to  qualit3\  The  Midland  Railway  carried 
ironstone  out  of  the  county  as  foUows  in  each  of  the  years : — 


Year. 

Quantities. 

Year. 

Quantities. 

Tons. 

Tons. 

1869 

319,696 

1875 

774,560 

1870 

397,903 

1876 

775,700 

1871 

535,099 

1877 

862,468 

1872 

681,798 

1878 

898,384 

1873 

845,763 

1879 

846,352 

1874 

793,048 

1880 

1,009,143 

♦  Percy's  "  MetaUurgy  of  Iron  and  Steel,"  p.  225. 
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The  destination  of  the  ore  thus  distiibuted  does  not  here  appear ; 
however,  the  following  figures  show  the  quantities  carried  by  the 
Midland  Railwaj'  from  their  respective  stations  in  each  of  the 
later  years  given  below :— 


stations. 

1877. 

1878. 

1870. 

18S0. 

Tons. 

Tons. 

Tons. 

Tons. 

Desborough       .        .     . 

91.948 

119,527 

103,220 

104,186 

Hushton 

101,325 

116,153 

138,677 

123,498 

Grunston  .        .        .     . 

•  •  • 

•  •  • 

17,365 

117,107 

Kettering 

1,265 

33,793 

69,879 

39,879 

Meltoa       .                 .     . 

• .  ■ 

54,826 

61,266 

... 

Cranfonl 

43,682 

53,955 

58,981 

90,243 

Twywell    .        .        .     . 

169,970 

143,034 

105,451 

125,385 

Thrapston 

13,400 

19,709 

14,623 

14,078 

Isham 

6,914 

2,915 

143 

103 

Wellingborough     . 

406,005 

336,604 

258,462 

376,520 

Irchester  .        .        .     . 
Total 

27,959 

17,868 

18,285 

18,144 

862,468 

898,384 

846,352 

1,009,143 

In  the  annexed  table  appears  the  quantities  of  ironstone  raised 
from  a  few  of  the  more  extensive  workings  in  the  county,  which 
will  generally  show  how  largely  the  ironstone  is  wrought  in  the 
neighbourhood  of  Blisworth  by  the  Messrs.  G.  E.  Bevan  &  Co., 
iind  otliers : — 


Year. 

Blixworth. 

Gio'ton. 

Dnston. 

Tiiwccster. 

TonB. 

Tons, 

Tons. 

ToUrt. 

1870 

59,424 

74,866 

45,330 

*  •  • 

1871 

64,354 

51,578 

52,713 

• .  • 

1872 

83,514 

33,961 

150,722 

... 

1873 

81,107 

76,675 

180,934 

7,953 

1874 

72,672 

22,823 

93,907 

6,000 

1875 

39,534 

51,677 

53,983 

43,571 

1876 

25,559 

68,417 

54,550 

57,684 

1877 

20,258 

72,940 

50,136 

35,800 

1878 

16,114 
12,868 

63,865 

13,492 

12,719 

!     1879 

65,608 

18,024 

16,499 

1880 

52,350 

73,350 

95,540 

51,050 

The  ironstone  raised  at  Blisworth,  Gayton,  and  Duston,  is  sent 
away  in  considerable  quantities  by  canal  and  railway  to  the 
Midland  iron  districts  and  to  South  Wales. 

The  mines  in  the  neighbourhood  of  Wellingborough  worked 
by  Messrs.  Butlin,  Bevan  &  Co.,  have  yielded  ironstone  in  the 
following  quantities  in  each  of  the  years  named : — 
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Year. 

Welling. 
Iwrough. 

Ringatead. 

Ircliester. 

Dean  and 
CliapterLands. 

WollastoD. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1870 

180,127 

•  •  • 

•  •  * 

* 

•  •  • 

1871 

152,585 

•  a  • 

... 

89,266 

■  •  • 

1872 

65,914 

43,498 

46,961 

114,868 

■  *  • 

1873 

175,263 

60,058 

100,532 

87,504 

•  •  » 

1874 

118,579 

19,641 

81,721 

80,538 

•  •  • 

n875 

87,380 

22,461 

47,749 

58,945 

66,460 

1876 

127,324 

11,040 

33,915 

67,487 

73,681 

1877 

111,620 

10,839 

28,062 

32,776 

84,468 

1878 

65,633 

14,454 

17,999 

26,906 

110,931 

1879 

37,945 

5,398 

17,329 

3,539 

68,907 

1880 

67,482 

21,326 

16,684 

t 

112,555 

Considerable  quantities  of  ironstone  are  raised  in  the  neigh- 
bourhood of  Welhngborough,  beyond  the  above,  by  the  Stanton 
Ironworks  Co.,  who  also  work  stone  at  Desborough,  given  below. 
The  Newbridge  Iron  Co.  at  Newbridge  and  Ringstead  have  for 
some  years  produced  stone  as  follows : — 


Year. 

STAKTON  IRON  WORKS  CO. 

NEWBRIDGE   IRON  CO. 

"Wellingliorougli. 

Desborongli. 

Newbridge. 

Ringstead. 

1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Tons. 

J149i953 

.  •  * 

93,362 
113,538 
112,000 
110,000 
101,350 
101,070 

Tons. 

104,060 

113,370 

127,427 

150,000 

150,000 

90,439 

71,824 

62,700 

79,000 

68,459 

66,167 

Tons. 

52V45O 

70,000 

108,535 

•  •< 
56,157 
54,335 
60,430 
59,490 
69,494 
77,699 

Tons. 

•  •  • 

43,'498 

§   : 

24^1*78 
22,246 
17,289 
17,688 
11,640 
21.326 

The  other  mines  to  refer  to  are  those  lying  between  Thrapston, 
Kettering,  and  Finedon,  where  the  Glendon  Iron  Ore  Co.  are 
large  raisers  of  ironstone,  principally  consumed  in  their  own  fur- 
naces. The  table  below  gives  the  quantities  raised  in  the  minea 
named,  the  Glendon  return  including  stone  raised  at  Finedon 
and  Burton  Latimer  : — 


Included  in  Wellingborough. 


t  Worked  out. 


J  Including  Ironstone  raised  from  other  works  in  the  district  of  Wellingborough. 
§  Included  in  Newbridge. 
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Tear. 

ItUp. 

Woodford. 

Cnnford. 

Olendon  Iron  Co. 

Toni. 

Tons. 

Tona, 

Tons. 

1870 

25,000 

129.913 

21,712 

95,964 

1871 

60,771 

64,281 

19,549 

96,910 

1872 

35,700 

73,502 

21,920 

98,148 

1873 

37,500 

79,898 

21,585 

118,328 

1874 

35,000 

69,735 

20,786 

96,264 

1875 

63,833 

54,580 

27,897 

81,828 

1876 

65,000 

58,359 

27,000 

100,000 

1877 

50,000 

57,371 

30,000 

125,000 

1878 

50,000 

50,000 

40,000 

130,000 

1879 

81,495 

••■ 

56,091 

160,000 

1880 

77,666 

•  •• 

89,671 

159,100* 

The  mines  in  operation  in  1880  were  as  follows,  producing 
1,550,108  tons,  of  the  value  of  £231,859,  and  exceeding  the  out- 
put of  the  previous  year  by  888,697  tons : — 


No. 


2 
3 

4 


6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 

26 

26 

27 
28 
29 


District  or  Mine. 


Blisworth  (Bevan  &  Co.)     . 

Brixworth 

Cranford 

Cransley 

/  Desborough      (Stanton     Iron  I 
I  Works  Co.)   .        ] 

„  (F.  V.  Smith)      .    . 

„  fW.  C.  Wheldon)     . 

Ditchford  (Butlin,  Bevan,  &  Co.) 

Duston 

Saiton  Neston  .... 
Finedon  Road  Bridge  .    . 

Finedon  (Glendon  Iron  Co.) 
Burton  Latimer 

Glendon^         .... 
Gayton  fH.  W.  Wheldon)      .    . 
Gavton  (Heyford  Iron  Co.^  . 
Ircneater  (Butlin,  Beran,  s  Co.)  . 

Islip 

Hunabury  Hill  .... 
Newbri^^e  ...  .  . 
Ringfteaa  QTewbridge  Iron  Co.) 
Bingstead  (Butlin,  Bevan,  &  Co.) 

Spratton 

TiuwMton 

(  Wellingboro'  (Butlin,   Bevan,  ) 

I     &  Co / 

/  Wellingboro'    (Stanton     Iron  \ 

\     Works  Co.)     .       .       .        ) 

Wollaston  (Butlin,  Bevan,  k  Co.) 

Warren  Hill        •       •       .       • 

Sundry  Pita 

Total  of  Northamptonshiro . 


Character  of 
Ore. 

Quantities. 

Value. 

Tons.    CwtB. 

&     a.     d. 

Hydncted 
oxide 

n 

62,360    0 

7,862  10    0 

28,621    0 

8,677    7    6 

n 

89,671    0 

11,209    0    0 

»j 

105,780    0 

14,647    0    0 

» 

66,167    0 

9,097  19    3 

)» 

18,726    0 

3,276    0    0 

}f 

18,000    0 

2,600    0    0 

tf 

38,632    0 

6,298    3    0 

M 

96,640  10 

11,942    6    0 

)) 

61,060    0 

7,657  10    0 

»9 

89,167    0 

13,876    0    0 

}) 

20,000    0 

4,000    0    0 

39 

9,600    0 

1,900    0    0 

II 

129,600    0 

26,920    0    0 

,, 

19,262    0 

2,939    0    0 

n 

64,088    0 

9,466    8    0 

>» 

16,684    0 

2,294    1    0 

>, 

77,666    0 

16,633    4    0 

}) 

18,849    0 

2,366    2    6 

)} 

77,699    0 

9,712    7    6 
1,867  18    0 

)) 

13,612    0 

)f 

21,326    0 

2,932    6    0 

n 

46,420    0 

6,802  10    0 

» 

14,240    0 

1,780    0    0 

i» 

67,482    0 

9,278  16    0 

>» 

101,070    0 

16,160    0    0 

,} 

112,665    0 

16,476    0    0 

») 

47,647    0 

7,118  11    0 

60,000    0 

7,600    0    0 

•          .          • 

1,660,103  10 

231,368  17    9 
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The  iron  mines  of  Northamptonshire^  their  situation,  pro- 
prietors and  chief  agents,  are  contained  in  the  annexed  list  at  the 
present  time  (1881)  : — 


No. 

1 

Name  of  Mine. 

Situation. 

Name  of  Proprietor 
or  Company. 

Name  of  Manager 
or  Agent 

Blisworth  . 

Biisworth  . 

G.  E,  Sevan  and  Co.,  Lim.     Richard  P.  Jones. 

1 

2 

Brixworth     .    . 

Brixworth     .    . 

Attenborough  and  Co.  .    .     Richard  Timms. 

1 

8 

Barton  Latimer. 

Kettering  . 

n^r^Ar^r,  T«««  r«                    •  J  Geoigc  E.  Checkland. 
Glendon  Iron  Co,        .        .    -j  j.  p^cramp. 

4 

Cranford       .    . 

Staveley  Coal  and  Iron  Co., 

t  George  Bond. 

/  Henry  Westlake,  Sec 

John  Wallis. 

1)             •    • 

Limited       .... 

5 

Cransley     . 

If          •        • 

Cranslev  Iron  Co.,  Limited 

6 

Cogaiihuo      .    . 

Nortluunpton    . 

Cogenhoe  Iron  Ore  Co.  .    . 

M.  C.  Cohen. 

7 

Desborough 

Market    Ear-  f 
borough    .    1 

Stanton  Iron  Works  Co. ; ) 
G.  Crompton,  Managing  >- 
Director      .        .        .    ) 

John  Hickman. 

8 

>i           * 

>»        •       • 

W.  C.  Wlieldon   .               .     W.  C.  Wheldon. 

9 

91                *               * 

i»           •    • 

F.V.Smith    ....     F.V.Smith. 

10 

Dltclifonl      .    . 

Irthliugborough. 

Butlin,  Bevan,  &  Co.         .     Lewis  W.  Perrin. 

11 

Duston 

Northampton    . 

Henry  Higgins       .       .    .  i  James  Saunders. 

12 

EastonNeston  . 

Towcester     .    4 

Easton  Estate  and  Mining ) 
Co.,  Limited     .       .        ) 

Sydney  J.  Bates. 

13 

Finedon 

Kettering  . 

Glendon  Iron  Co.    .       .    . 

.  George  E.  ChecUand. 

14 

(  Fiiiudon  Koad  i 
\     Bridge      .     f 

Finedon         .    . 

Rixon  &  Co. 

James  Rixon. 

15 

Gaytuu 

Biisworth  . 

Henry  W.  Wheldon        .    . 

Henry  W.  Wheldon. 

16 

i»       •       •    • 

»i             •    • 

Heyford  Iron  Co.,  Limited 

William  Smitli. 

17 

Glendon     . 

Kettering  . 

Glendon  Iro.,  CO.       .       .     [^^^^^'^'^'^ 

( 

Hunsbury  Hill  Coal  and) 

IS 

Hunsbur}'  Hill  . 

NorUiampton .  -< 

Iron  Co.,  Limited;    F.  }- 
Lenton,  Secretary      .    ) 

Tlios.  Pressland. 

19 

Ircliester    . 

Irchcfiter    . 

BuUin,  Bevan,  &  Co. . 

Lewis  W.  Perrin. 

20 

Lilii)       .        .    . 

Tlirapston     .    . 

Ifilip  Iron  Co.         .        .    . 

•  • 

21 

Newbridge 

IVj'well     . 

Newbridge  Iron  Ore  Co.     . 

Edward  H.  Clarke. 

22 

Raundfl .       .    . 

Tlirapston     . 

The    Rauiids    Iron    and) 
Limestone  Quarries  Co.  > 

. . 

23 

Ringiitead  . 

Ringstead  . 

Butlin,  Bevan,  &  Co.          .  |  Lewis  W.  Perrin. 

24 

»i 

II            •    • 

1  Newbridge  Iron  Ore  Co.     . 

Edward  II.  Clarke. 

25 

Spratton     . 

Brixwortli  . 

Attenborough  &  Co.  . 

Ricliard  Timms. 

26 

Staritou  Gate      . 

Wellingborough. 

Stanton  Iron  Works  Co.     . 

John  Hickman. 

27 

Thrapston  . 

Tlirapston     .    ■< 
Kettering  .        | 

Thrapstone  Iron  Ore  Co., 
Limited   .        .        .         ' 

John  Griffin. 
George  C.  Latimer. 

28 

Warren  HiU  .    . 

Ketterinft  Iron  and  Coal) 
Co.,  Limited               .     ) 

Herbert  Sartoris. 
F.  W.  Preston. 

29 

Woliingborougli. 

Wellingborough . 

Butlin,  Bevan,  &  Co. . 

Lewis  W.  Perrin. 

SO 

II         • 

If        •    • 

Stanton  Iron  Works  Co.     . 

John  Hickman. 

31 

Woodfonl  . 

Tlirapston 
Wellingborough. 

Arthur  iVrbuthnot 

Samuel  Pickett 

82 

WoUastou     .    . 

Butlin,  Bevan,  k  Co.     .    . 

Lewis  W.  Perrin. 

Fig  Iron  Manufacture. — The  first  works  established  in  North- 
amptonshire were  those  of  Messrs.  Butlin  at  Wellingborough 
projected  by  Mr.  William  Butlin  of  that  firm,  an  engineer  of  some 
eminence,  who  carried  out  under  his  own  supervision  all  tlie 
details  of  construction,  and  in  the  beginning  of  the  year  1852 
commenced  the  manufacture  of  pig  iron,  from  the  ironstone  of 
the  district,  a  sample  of  which  it  appears  was  deposited  in  the 
Northampton  Museum.  The  Heyford  Works  succeeded,  in  the 
year  1857,  imder  the  auspices  of  Messrs.  Pell  &  Co. ;  there  were 
then  two  furnaces  in  operation  at  Wellingborough  and  one  at 
Heyford,  the  make  of  pig  iron  amounting  to  11,500  tons.    In  the 
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year  1866  the  Glendon  Iron  Company  blew  in  their  first  furnace 
at  Finedon,  increasing  the  number  to  three  in  the  year  1869. 
In  the  year  1867  the  Irthlingborough  furnaces  were  put  in  blast 
and  these  possess  some  interesting  features  :  the  furnace  casings, 
instead  of  being  riveted  as  is  usual,  are  put  together  by  bolts,  so 
that  the  fastenings  are  more  secure  and  easier  joined  together 
and  taken  to  pieces,  effecting  a  saving  in  labour  which  more  than 
compensates  for  the  extra  cost  of  the  bolts.  The  boilers  at  these 
works  are  80  feet  in  length  and  6  feet  in  diameter.  The  blast  engine 
for  one  furnace  is  worked  with  tlie  average  daily  consumption 
of  28  cwts.  of  slack.  The  great  economy  gained  by  the  boilers 
is  atti'ibuted  to  the  setting,  which  is  a  wheel  shaft,  the  flues  of 
which  are  increased  in  size  as  they  approach  the  shaft,  with  a 
stack  3^  times  the  lengtli  of  the  boiler,  the  combustion  is  therefore 
complete  without  the  loss  of  temperature  in  the  shaft,  which  varies 
from  350°  to  400°  Fahr.,  and  there  is  little  or  no  smoke  made. 

The  Sto we  Ironworks  nearWeedon  commenced  operations  about 
the  year  1867;  in  the  year  1871  the  works  at  Islip,  near  Thrapston, 
of  Mr.  C.  H.  Plevins,  were  projected,  followed  by  the  works  of  the 
Northampton  Coal,  Iron,  and  Waggon  Company,  at  Hunsbury 
Hill,  in  the  year  1873,  and  the  Towcester  Works  a  year  or  two 
later.  The  Towcester  Works  are  situated  about  4  miles  from 
Blisworth,  consisting  of  two  rotatory  furnaces  and  the  necessary 
plant  for  making  iron  and  steel  by  the  direct  process,  according 
to  the  patent  of  Dr.  C.  W.  Siemens.  By  this  system,  even  with 
the  ordinary  ores  found  in  the  locality,  a  crystalline  iron  of  great 
purity  as  well  as  toughness  is  produced.  The  bars  have  been 
sold  in  StaiFordshire  and  at  Sheffield  at  a  high  price,  being  con- 
sidered equal  to  Swedish  bar  as  regards  toughness  and  purity. 
The  njode  of  working  appears  to  be  simple,  as  described  by  Dr. 
Siemens  himself.  A  mixture  of  pulverulent  ores  combined  with 
fluxing  materials  and  reducing  agents  in  suitable  proportions,  and 
of  this  from  4  to  5  tons  are  charged  from  a  platform  into  the 
heated  chamber  to  the  depth  of  some  12  or  15  inches.  Before 
charging  the  mixture  some  coke  dust,  or  anthracite  powder,  is 
spread  over  the  bottom  and  sides  of  the  chamber  for  the  pro- 
tection of  its  silica  lining.  The  heat  of  the  furnace  is  thereupon 
raised  to  a  full  welding  heat,  care  being  taken  that  the  flame  is  as 
little  oxidising  as  possible.  The  result  is  a  powerful  superficial 
action  upon  the  mixture,  causing  simultaneous  reduction  of  the 
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ore  and  fusion  of  the  earthy  constituents.  In  the  course  of  about 
two  hours  a  thick  skin  of  malleable  iron  is  foimed  all  over  the 
surface  of  the  mixture,  which  on  being  withdrawn  by  means  of 
hooks,  is  consolidated  and  cleared  of  cinder  under  a  hammer,  and 
rolled  out  in  the  same  heat  into  rough  sheets  or  bars,  to  be  cut 
up  and  finished  in  the  refinery  furnace  or  charcoal  hearth ;  one 
skin  being  removed,  the  furnace  is  closed  again,  and  in  the  course 
of  one  hour  and  a  half  another  skin  is  formed,  which,  in  its  turn, 
is  removed  and  shingled,  and  so  on  until,  after  8  or  4  removals, 
the  furnace  charge  is  nearly  exhausted.  A  fresh  charge  is  then 
added,  and  the  same  operation  repeated.  The  shingled  metal 
so  produced  forms  an  excellent  melting  material  for  the  open 
hearth  or  the  Siemens-Martin  process. 

At  Wellingborough  it  was  at  one  time  intended  to  roll  the  iron 
made  there  into  bars,  and  for  this  pui*pose  a  large  establishment 
was  projected  by  Messrs.  Hipkins  &  Sons,  of  West  Bromwich,  to 
be  called  the  Wellingborough  Bar  Iron  Company.  Considerable 
progress  was  made  with  the  erection  of  the  works,  plant  and 
machinery  were  prepared,  and  puddling  furnaces  erected,  but 
operations  never  actually  commenced,  and  the  buildings  with 
their  lofty  chimney-stacks  and  fines  still  stand  in  close  proximity 
to  the  Irthlingborough  Iron  Works  of  Messrs.  Butlin  and  Co. 

The  iron  works  of  the  Cransley  Ironstone  Company,  situated 
near  Kettering,  were  projected  about  the  year  1875,  and  in  1877 
the  works  of  the  Kettering  Iron  and  Coal  Company  at  Warren 
Hill,  situated  about  2  miles  from  Kettering,  were  begun. 

The  works  of  the  district  have  of  late  years  considerably  ex- 
tended their  plant ;  those  of  the  Glendon  Company,  the  most 
extensive  in  the  county,  have  now  5  furnaces  in  operation,  draw- 
ing the  necessary  ironstone  from  pits  situated  near  the  works ; 
the  plant  of  the  company  is  at  once  extensive  and  complete,  there 
being  two  powerful  engines  for  the  blast,  one  of  them,  made  by  the 
Lilleshall  Company,  being  something  like  150  horse-power,  having 
12  revolutions  per  minute.  At  the  Glendon  Works  the  gases 
from  the  furnaces  are  utilised  for  the  stoves  and  boilers,  and  re- 
cently some  new  pits  have  been  opened  in  close  proximity  to  the 
works,  affording  an  abundant  supply  of  ironstone  to  the  furnaces. 

Near  the  Finedon  Works  an  establishment  has  been  recently 
erected,  with  the  necessary  appliances  for  the  manufacture  of 
glass  bottles  from  the  slag  of  the  blast-furnaces ;  the  works  of 
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late  have  been  standing,  but  a  large  number  of  bottles  were 
made,  thus  demonstrating  practically  the  process.  Slag  bottle 
manufacture  would  appear  to  be  a  profitable  one,  seeing  Ihat  the 
necessary  material  can  be  had  without  cost,  the  iron-masters  being 
but  too  glad  to  get  the  slag  taken  away  from  their  works. 

The  works  and  companies,  with  the  number  of  furnaces  built 
and  in  blast  in  the  year  1880,  were  as  follows  : — 


Name  of  Works. 


Cranfiley,  Kettering .        .  . 

Finedon,  Wellingl^rough  . 

IrthliDgborough     „         .  . 
Heyfom,  Weeion 
Hunsbury  Hill,  Noi-thamp-  ( 

ton      .        .        .        .  ( 
Islip,  Thrapston    . 

Stowe,  Weedon                 .  . 

Kettering .            .        .  < 


Owners. 


Cransley  Iron  Co.,  Limited 
Cbeckland  and  Fisher  .     . 
Thomas  Butlin  and  Co. 
Heyford  Iron  Co.,  Limited 
Hunsbury  Hill  Coal  and ) 

Iron  Co.,  Limited    .     ) 
Islip  Iron  Co.    . 
William  M«Clure  .        .     . 
Kettering  Iron  and  Coal ) 

Co.,  Limited        .         j* 

Total        .     . 


FURNACES. 

BuUt 

In  Blast 

♦2 

2 

*5 

5 

3 

2 

3 

2 

2 

2 

4 

2 

2 

0 

2 

2 

23 


17 


Resuming  with  the  year  1858,  the  following  table  gives  the 
make  of  pig  iron,  the  number  of  furnaces  built  and  in  blast,  and 
their  average  yield ;  the  figures  in  the  last  column  are  subject 
to  revision,  inasmuch  as  in  some  years  a  few  of  the  furnaces 
were  but  partially  in  blast : — 


rURKACKS. 

Year. 

Pie  Iron 
Madu. 

Average  Make 
uf  Fiimace. 

Built 

In  Blast 

Tuns. 

Tons. 

1858 

3 

3 

9,750 

3,250 

1859 

4 

3 

12,800 

4,266 

1860 

4 

3 

7,595 

2,532 

1861 

4 

3 

7,730 

2,576 

1862 

4 

3 

13,471 

4,490 

1863 

5 

3 

14,590 

4,863 

1864 

5 

3 

13,323 

4,441 

1865 

5 

4 

14,700 

3,675 

1866 

9 

6 

19,174 

3,195 

1867 

9 

5 

25,184 

5,035 

1868 

8 

6 

35,584 

5,930 

1869 

8 

1 

41,500 

5,928 

1870 

10 

10 

43,166 

4,316 

1871 

12 

9 

60,512 

6,723 

*  One  building. 
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Since  tlie  year  1871  information  is  available,  showing  the 
quantity  of  coal  and  of  ironstone  used  in  the  manufacture  of  pig 
iron ;  in  Northamptonshire  practically  it  is  found  that  60  cwts. 
of  raw  stone  and  a  like  amount  of  coal,  previously  coked,  is 
employed  in  the  production  of  each  ton  of  pig  iron;  the  coal 
includes  all  necessary  for  heating  purposes,  such  as  engine-fires, 
blowing-engines,  &c. 

In  the  year  1872  and  since,  the  quantities  of  pig  iron  made 
and  of  coal  and  iron  used  were  as  follows,  together  with  the 
furnaces  built  and  in  blast : — 


Year. 

FURNACES. 

Pig  Iron 
Mode. 

Coal  Used. 

Ironstone 
Used. 

Built 

In  Blast 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

12 
16 

18 
18 
20 
20 
20 
23 
23 

9 
10 
14 
12 
11 
13 
15 
17 
17 

Tons. 

59,424 

58,480 

53,760 

80,689 

84,916 

106,948 

138,370 

165,317 

178,714 

Tons, 
183,523 
169,592 
152,138 
177,883 
212.093 
268,124 
345,681 
428,557 
470,165 

Tons. 

175^000 
159,280 
229,636 
241,958 
296,379 
391,687 
453,460 
528,501 

The  proportion  existing  in  the  above  years  between  the  iron 
made  and  material  used,  show  the  economy  that  has  been  secured ; 
thus,  in  the  year  1871,  the  coal  and  ore  used,  as  abeady  stated, 
was  60  cwts.  of  each  to  the  ton  of  iron.  In  subsequent  years  less 
has  been  required,  till  in  1877  and  1878  the  quantity  did  not 
exceed  60  cwts.  of  coal  and  from  56  to  57  cwts.  of  ironstone  to 
€ach  ton  of  pig  iron.  Gas-saving  apparatus  has  hitherto  been 
inti'oduced  into  the  metallurgical  works  of  Northamptonshire  to 
a  very  limited  extent;  if  it  had  been  adopted  a  still  greater 
economy  would  have  been  attained.  Glancing  at  the  returns  of 
production,  it  will  be  seen  that  within  a  period  of  10  years  the 
make  of  pig  iron  has  increased  upwards  of  threefold,  and  a  saving 
has  been  effected  of  10  cwts.  of  coal,  equivalent  to  18  per  cent, 
on  each  ton  of  pig  iron  made. 

The  fuel  chiefly  employed  in  the  furnaces  of  Northamptonshire 
is  obtained  from  the  South  Yorkshire  coal-field,  that  formerly 
used  at  the  Wellingborough  Works  was  Bamsley  coal,  an  average 
sample  of  which,  without  being  previously  coked,  contained  of 
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sulphur  0'65  per  cent. ;  of  ash,  4*76  per  cent,  the  ash  consist- 
ing of  shale,  silicate  of  alumina,  with  a  little  protoxide  of  iron 
and  traces  of  Ume  and  magnesia. 

Coke  made  fi'om  Bamsley  coal  and  used  at  the  Heyford  Iron 
Works  was  found  to  contain  0*52  per  cent,  of  sulphur,  and  6*58 
per  cent,  of  ash.* 

Considering  the  ironstone  of  Northamptonshire,  and  its  re- 
duction in  the  smelting  works,  various  opinions  have  in  recent 
yeai-s  appeared  relating  to  its  character  and  the  quality  of  the 
iron  obtained  therefrom ;  Mr.  WiUiam  Butlin  of  the  Irthling- 
borough  Iron  Works  near  Wellingborough,  who  originally  de- 
veloped the  ironstone  deposits  of  the  county  and  initiated  the 
manufacture  of  pig  iron  thus  defends  the  character  of  the  in- 
dustries in  terms  so  cogent  that  they  are  reproduced  here,t  being 
worthy  of  consideration ;  he  says  : — 

"  These  ores  (brown  hematite)  are  widely  distributed  through 
the  county,  are  rich  in  iron,  and  vary  considerably  in  their  com- 
position, but  if  smelted  scientifically  are  capable  of  producing 
an  excellent  metal  both  for  the  foundry  and  the  forge." 

**  It  has  been  said  of  a  certain  district '  that  the  iron  is  made 
by  brute  force  ; '  this  is  somewhat  sarcastic,  but  it  is  to  be  feared 
the  same  remark  might  apply  to  this  county. 

"  It  is  true  good  iron  is  made  from  these  ores,  but  the  larger 
proportion  is  very  inferior,  and  it  is  the  irregular  quality  produced 
which  brings  down  the  market  price  and  brands  it  with  a  name  it 
does  not  deserve — *  common  iron.' 

'^  If  good  work  is  to  be  done,  and  the  greatest  advantage  taken 
of  what  Nature  has  placed  within  our  reach,  it  is  highly  important 
to  have  a  good  knowledge  of  the  composition  of  the  foreign  matter 
in  the  ores,  which,  when  melted  together,  constitute  cinder,  and 
the  knowledge  of  the  circumstances  under  which  the  most  favour* 
able  results  can  be  obtained.  The  fusibility  of  earthy  compounds 
depends  upon  their  chemical  relations,  and  the  greatest  degree  of 
fusibiUty  that  need  be  desired  can  be  produced  by  means  of  clay, 
silex,  and  lime. 

"  We  have  argillaceous,  silicious,  and  calcareous  ores,  and  not 
unfrequently  the  various  kinds  are  found  in  one  and  the  same 
quarry.    We  have  also  an  excellent  limestone,  admirably  adapted 

*  For  detailed  Analyses  of  Coal  of  the  Bamslej  District,  see  Part  I.,  p.  39. 
t  **  Iron  and  Coal  Trades  Rcyiew,"  Dec.  3, 1880,  p.  666. 
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for  fluxing  the  ores,  both  as  regards  its  physical  structure  and 
'Chemical  composition." 

Mr.  W,  Butlin  subsequently  refers  to  the  suitability  of  the 
Northamptonshire  pig  iron  for  forge  purposes,  and  its  conversion 
into  iron  for  hoops,  sheets,  and  smaller  sizes  of  bars,  when  the 
ores  are  judiciously  selected  and  skilfully  treated,  and  says : — 
*'  Iron  is  iron ;  it  is  not,  however,  pure  metal  with  which  we  have 
to  deal,  but  with  the  iron  of  commerce,  containing  many  im- 
purities more  or  less  injurious,  the  quality  depending  pretty 
much  on  what  is  associated  with  it.  The  matrix,  too,  in  the  ore 
from  which  the  iron  is  produced  has  also  an  important  influence 
on  the  practical  working  of  the  metal  in  the  puddling  furnaces. 
Hence  it  is  found  advantageous  to  mix  iron  from  different  localities 
to  improve  the  quality.  The  same  rule  applies  to  the  puddling 
furnace  as  to  the  blast  furnace.  Iron  made  from  argillaceous  ores 
is  mixed  with  those  made  from  silicious  and  calcareous  ores. 
Now  Northamptonshire  has  an  advantage  in  mineral  deposits 
which  few  iron- making  districts  possess.  As  before  stated,  argil- 
laceous, silicious,  and  calcareous  ores  are  found  in  close  proximity, 
and  it  requires  only  scientific  selection  and  careful  manipulation 
to  make  excellent  forge-iron,  having  all  the  requisite  fluxing 
elements  and  constituents  in  one  pig  without  any  other  admixture 
for  producing  iron  of  the  best  quality  and  adapted  for  making 
hoops,  sheets,  and  small  sizes  of  bars,  &c. 

'^  Iron,  however,  when  made  from  tender,  friable  ores,  such  as 
we  have  in  this  county,  is  not  suited  for  manufacturing  the  larger 
sizes  of  iron ;  metal  from  more  refractory  ores  is  needed,  that  will 
«tand  the  higher  temperature  required  in  heavy  puddling."  In 
•conclusion,  Mr.  W.  Butlin  suggests  the  puddling  of  Northampton 
iron  in  the  Casson-Darmoy  patent  gas  furnace,  which  is  admirably 
adapted  for  the  conversion  of  iron  from  fusible  compounds.  "  With 
mild  treatment  and  the  use  of  the  furnace,"  he  adds,  "  iron  can 
and  will  be  manufactured  of  a  quality  and  at  a  price  alike  profit- 
able to  the  smelter  and  iron-master."* 


•  II 
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CHAPTEE    Xin. 

LINCOLNSHIRE    IRON    INDUSTRIES. 

Ironstone  Deposits — Geology  of  North  Lincolnshire — Scanthorpe,  Frodingham — 
Analyses,  Production,  and  Distribution  of  Ironstone — Mines  in  Operation  in 
1880 — Pig  Iron  Manufacture — Production  since  1864 — Coal  and  Ore  used  in 
Pig  Iron  Manufacture. 

Lincolnshire  Ironstone  Deposits. — ^A  quarter  of  a  century 
since  the  extensive  deposits  of  iron  ore,  known  as  '^hydrated 
oxide,"  and  now  extensively  worked,  were  comparatively  unknown. 
These  deposits,  now  in  process  of  rapid  development,  have  given 
rise  to  the  important,  thriving,  and  increasing  mining  centres  of 
Frodingham  and  Appleby,  near  Brigg. 

Ironstone  is  also  worked  in  other  districts  of  Lincolnshire,  as 
at  Kirton-Lindsey,  some  eight  miles  north-east  of  Gainsborough, 
on  the  Manchester,  Sheffield,  and  Lincolnshire  Railway;  at 
Caythorpe,  some  seven  miles  north  of  Grantham;  at  Glaxby, 
between  Market  Basen  and  Caistor,  by  the  West  Yorkshire  Coal 
and  Iron  Company ;  and  at  Monk*s  Abbey  and  Greetwell,  near 
the  City  of  Lincoln,  by  the  Mid-Lincolnshire  Iron  Company. 
Ironstone,  it  appears,  was  extensively  worked  in  olden  times  in 
South  Lincolnshire,  but  at  present  no  workings  are  carried  on 
in  that  division  of  the  county. 

The  districts  in  the  north-western  area  of  the  county,  now 
extensively  worked  for  ironstone,  may  be  described  as  being 
within  the  area  bounded  on  the  north  by  the  river  Humber,  on 
the  west  by  the  river  Trent,  and  on  the  east  by  the  river 
Ancholme.  Within  this  area  the  geological  formations  dip  in  a 
direction  from  west  to  east,  forming  three  principal  escarpments, 
with  long,  sloping  plains  between  them ;  the  westernmost  scarp 
is  capped  with  Lower  Lias,  the  middlemost  with  Lincolnshire 
limestone,  and  the  easternmost  is  the  chalk  wold.  These  latter 
elevations  are  characteristic  features  of  the  country  ;  the  middle 
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escarpment,  or  limestone  ridge,  is  also  known  as  the  "  Cliflf," 
and  nms  in  a  direction  nearly  due  south  firom  the  river  Humber 
to  Lincoln,  and  even  further  southwards.  The  wold  or  eastern- 
most escarpment  tends  south-east,  towards  Boston  and  the 
Wash,  while  the  westernmost  escarpment  is  the  least  continuous 
of  the  three. 

The  rocks  of  North  Lincolnshire  dip  in  a  direction  from  west 
to  east,  and  comprise  liassic  and  oolitic  strata,  occurring  in  the 
following  descending  order,  as  given  by  the  Rev.  J.  E.  Cross, 
M.A.,  F.G.S.,  in  his  paper  read  before  the  Geological  Society  of 
London.* 

Cornhrash  and  Great  Oolite  Clay, 

Lincolnshire  Limestone* 

Upper  Lias  Clay, 

MarUtone  ;  **  Ehynchonella  bed.'* 

Capricomus  Clay. 

**  Pecten  Bed  "  Ironstone. 
Lower  Lias ;  Scunthorpe  Ironstone. 

Bucklandi  Beds. 

In&a  Lias  (Bhoetic). 
Kenper  Marls, 

The  Keuper  marls,  the  lowest  of  the  above  series  of  strata  in 
the  north-western  area  of  Lincolnshire,  occupies  the  bed  of  the 
river  Trent.  It  appears  that  a  few  years  since  some  sinkings 
were  put  down  here  for  the  piers  of  a  railway  bridge,  and  that 
they  all  went  through  this  formation.  Above  the  Keuper  marls 
occur  a  series  of  clays,  containing  Ammonites  angtdatus  and 
Ammonites  Johnstoni ;  both  these  ammonites  appear  in  the  lowest 
beds,  but  the  first-named  has  a  higher  range  in  the  series  of 
clays  through  a  zone  of,  say,  150  feet  or  more.  Upon  these 
angulatus  beds  repose  a  series  of  limestones  and  clays,  distin- 
guished by  the  presence  of  Ammonites  Bucklandi.  In  these  and 
the  angulatus  beds,  occur  the  vast  deposits  of  ironstone  which 
are  worked  at  Scunthorpe.  The  bed  containing  this  deposit 
attains  in  some  places  a  thickness  of  27  feet,  and  is  found 
cropping  out  at  the  surface,  and  it  extends  over  a  large  area. 
The  ironstone  is  wrought  in  open  workings,  as  in  Northampton- 
shire, and,  having  a  slight  **  over  burden  '*  easily  removed,  is 
worked  inexpensively. 

This  important  ironstone  deposit,  covering  the  whole  wide 
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plain  of  the  village  of  Scunthorpe,  is  described  as  commencing 
below  with  a  hard  limestone  band,  and,  in  somewhat  similar  bands 
above,  most  of  the  fossils  lie.  These  are  intercalated  with  softer 
bands  of  a  darker  brown  colour  and  rubbly  texture,  intermingled 
with  a  brown  earthy  deposit.  The  Lincolnshire  ironstone,  it 
may  be  obsei'ved,  differs  widely  from  the  Cleveland  ironstone, 
and  is  in  fact  on  a  much  lower  geological  horizon.  As  already 
stated,  the  Scunthorpe  ironstone  occurs  in  the  lower  part  of  the 
Lower  Lias,  an  occurrence  which  is  believed  by  Mr.  Cross  to  be 
almost  unique  in  this  country. 

The  Lower  Lias  clay  previously  referred  to,  in  which  occurs 
the  massive  seam  of  ironstone,  has  in  North  Lincolnshire  a  thick- 
ness of  90  feet ;  no  openings,  however,  of  any  importance  have 
hitherto  been  made  in  depth. 

Superimposed  on  the  Lower  Lias  series  is  the  Middle  Lias,  in 
which  there  is  a  seam  of  ironstone  4  feet  in  thickness,  in  which 
pectens  occur  in  profusion,  and  hence  it  has  been  designated  the 
"Pecten  Ironstone.*'  The  junction  between  the  Lower  and 
Middle  Lias  is  represented  by  a  thickness  of  some  66  feet,  con- 
sisting of  blue  clay,  containing  throughout  in  the  centre  of 
cement  nodules  a  characteristic  species,  the  Avimanites 
inacidatus  (Capricomus  of  Schlotheim).  At  Santon,  in  a 
railway  cutting,  a  good  section  of  this  clay  is  exposed,  capped  by 
a  thin  bed  not  exceeding  18  inches  in  thickness,  containing  a 
confused  mass  of  broken  belemnites  and  other  shells,  together 
with  many  coprolites  and  much  pyrites,  the  whole  of  a  bright 
green  colour. 

The  seam  of  ironstone  occurring  in  the  marlstone  or  Middle 
Lias  is  sometimes  called  the  **  Bhynchonella  bed,'*  from  the  cir- 
cumstance that  fossils  of  that  genus  occur  therein  in  great  profu- 
sion ;  the  lias  bed  is  described  as  consisting  of  a  hard,  light-grey 
limestone,  weathering  to  brown,  and  seems  to  contain  Ammonites 
spinatus  towards  the  lower  part,  and  A.  communis  and  serpentinus 
in  the  upper.  Above  the  Bhynchonella  bed  occurs  the  Upper 
Lias,  hitherto  but  little  explored ;  it  has  an  average  thickness  of 
60  feet,  and  consists  chiefly  of  a  blue  shale,  but  showing  no  trace 
throughout  the  north-western  district  of  the  overlying  Upper  Lias 
sands. 

Extending  away  to  the  east,  and  above  the  Upper  Lias  upon 

which  it  rests,  appears  the  middle  escarpment  previously  referred 
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to,  occupied  by  the  Inferior  Oolite,  which  in  this  district  is  often 
termed  the  Lincohishire  limestone.  It  has  an  average  thickness 
of  86  feet,  inclading  its  partings  of  clay.  Next  above  occurs  the 
Great  Oolite,  consisting  of  limestones  and  clays,  the  latter  in 
parts  of  a  bright  green  colour,  some  40  feet  in  thickness,  and  the 
representative  no  doubt  of  some  subdivision  of  the  oolite  series. 
But  one  other  formation,  the  *'  Combrash,"  remains  to  be 
referred  to.  The  Cornbrash  occupies  the  surface  away  to  the 
east  till  the  alluvial  deposits  of  the  river  Ancholine  are  reached. 
The  foregoing  will  show  generally  the  occurrence  and  succession 
of  the  strata  of  the  liassic  and  oolitic  formations  in  North 
Lincolnshire,  and  the  position  of  the  ironstone  deposits,  for  a 
more  detailed  account  of  which  reference  should  be  made  to  the 
Eev.  J.  A.  Cross's  paper  in  the  ''Journal  of  the  Geological 
Society  of  London."  * 

Frodingham,  the  centre  of  the  iron-mining  district  of  North 
Lincolnshire,  is  situated  on  the  Manchester,  Sheffield,  and 
Lincolnshire  Railway,  which  connects  it  with  the  ports  of  Hull 
and  Grimsby.  Although  ironstone  is  obtained  elsewhere  in  the 
county,  it  is  here  that  tiie  manufacture  of  pig  iron  is  canied  on. 
About  twenty-three  years  since  attention  was  directed  to  the 
deposits  by  the  Messrs.  W.  H.  and  G.  Dawes,  of  the  Milton  and 
Elsecar  Ironworks,  Barnsley,  in  the  West  Eiding  of  Yorkshire. 
This  firm  constructed  a  railway,  from  the  river  Trent  to  the  out- 
crop of  the  bed,  to  facilitate  the  shipment  of  ironstone  to  their 
works.  The  ironstone  seam  is  covered  by  a  deposit  of  drift  of 
varying  thickness,  being  shifted  about  by  high  winds,  so  that  the 
land,  from  an  agricultural  point  of  view,  is  of  little  value.  Before 
the  discovery  and  development  of  the  ironstone  deposits  the 
district  was  little  more  than  barren  moorland,  the  village  itself  at 
that  time  being  but  a  hamlet ;  of  late  years  it  has  become  a  town 
of  some  importance,  and  is  still  steadily  extending,  while  the 
value  of  the  land  has  greatly  increased.  Mr.  George  Dove,  junr., 
who  some  years  since  carefully  examined  the  district,  says  that 
"  the  bed,  which  is  almost  entirely  free  from  faults,  inclines  gently 
to  the  east,  but  where  it  is  now  being  worked  at,  and  within  one 
and  a-half  miles  of  the  outcrop,  the  amount  of  '  bareing ' 
required  is  very  small,  in  no  place  exceeding  8  feet.     The  labour 

♦  Vol.  xxxi.,  1876,  p.  115. 
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employed  in  raising  the  stone  is  of  the  commonest  and  most 
unskilled  description,  blasting  only  being  required  in  getting  the 
stronger  portions  of  the  bed ;  the  whole  operation  is  simply  one 
of  quarrying."  Mr.  Dove  further  adds  that  the  deposit  is  not  of 
very  regular  formation ;  it  consists  of  bands  of  stone,  some  con- 
solidated, others  unconsolidated,  of  various  appearances,  me- 
chanical conditions,  and  compositions,  which  are  again  broken  up 
by  bands  of  ferruginous  limestone  of  varying  thicknesses. 

Before  proceeding  to  consider  the  production  of  ironstone  in 
this  locality,  the  other  districts  of  Lincolnshire,  in  which  local 
deposits  of  ironstone  occur,  may  be  briefly  referred  to,  not  only 
of  those  deposits  occurring  in  strata  already  referred  to,  but  also 
in  other  geological  formations  of  more  recent  age. 

In  South  Lincolnshire  the  marlstone  rock  (Middle  Lias)  was 
formerly  worked,  as  also  was  the  ironstone  of  the  Northampton 
sand  ;  the  latter  is  of  tlie  age  of  the  Inferior  OoKte.  A  band  of 
good  ironstone,  occurring  at  the  base  of  the  "  Upper  Estuarine 
Series,"  was  also  wrought  in  ancient  times.  Some  years  back 
ironstone  was  worked  at  Overton,  near  Peterborough,  in  North- 
amptonshire, in  the  "  Great  Oolite  Clay,"  which  is  tlie  equivalent 
of  the  Forest  Marble  of  the  South  of  England ;  the  workings  have, 
however,  been  long  since  abandoned,  on  account  of  the  great 
thickness  of  bareing  necessary  to  be  removed  before  the  stone 
was  reached. 

A  brown  iron  ore  of  oolitic  structure,  forming  a  bed  6J  feet 
thick,  occurs  in  the  Tealby  Series  or  Middle  Neocomian,  occur- 
ring at  Tealby,  some  four  miles  north-east  of  Market  Basen,  and 
is  much  valued  for  admixture  with  the  argillaceous  ores  of  York- 
shire and  the  calcareous  ores  of  Lincolnshire.  Ironstone  is  also 
wrought  at  Caythorpe,  near  Grantham,  South  Lincolnshire  (a 
hydrated  oxide)  ;  in  the  year  1880  the  quantity  raised  amounted 
to  73,680  tons,  put  in  lyucks  at  the  workings  at  an  average  price 
of  8«.  per  ton.  This  ore  is  said  to  contain  81  per  cent,  of 
metallic  iron,  from  18  to  20  per  cent,  of  lime,  and  from  1*25  to 
1*50  per  cent,  of  manganese  ;  is  in  good  demand,  and  meets  with 
a  ready  sale. 

To  those  interested  in  the  subject  of  the  occurrence  of  the 
ironstone  deposits  in  the  liassic  and  oolitic  rocks,  the  recent  work 
of  Professor  Judd,  F.G.S.,*  will  possess  especial  interest.  In  this 

♦  "  Geology  of  RuUand,"  ProfeBflor  J.  W.  Judd,  1875. 
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important  contribution  to  geological  science  the  author  fully 
discusses  the  classification  and  correlation  of  the  Jurassic  rocks 
of  the  Midland  district  or  counties  of  England,  including  Rutland 
and  parts  of  Lincoln,  Leicester,  Northampton,  Huntingdon,  and 
Cambridge. 

AnalysoB  of  the  Zrozuitone. — The  stone  raised  in  the  Froding- 
ham  district,  like  that  in  other  localities  in  Lincolnshire,  has  been 
fully  investigated  and  its  constituents  determined  by  Mr.  George 
Dove,  junr.,  of  the  Redboum  Hill  Iron  Works,  from  whose  inte- 
resting paper  on  the  "  Frodingham  Iron-fields  "  *  the  following 
are  selected.  In  the  various  mines  worked  on  Mr.  R.  Winn's  estate 
the  yield  of  metallic  iron  varies  according  to  portions  of  the  seam 
used ;  the  working  face  of  the  quarry,  from  which  the  samples 
were  taken,  has  a  thickness  of  16  feet,  increasing  to  18  feet  and 
even  more.  The  seam  is  divided  by  Mr.  Dove  into  11  distinct 
bands ;  the  ii'on  exists  in  the  form  of  peroxide ;  the  seam  has  a 
maximum  thickness  of  27  feet,  the  bands  of  which  it  is  composed 
vary  in  thickness  from  9  inches  to  3  feet  6  inches,  many 
of  them,  however,  containing  stone  of  very  inferior  quality,  a  sort 
of  ferruginous  limestone,  which  it  is  always  desirable  to  reject. 
The  top  band  of  the  seam  is  described  as  mechanically  very  small 
and  friable,  resembKng  in  appearance  brown,  ferruginous  sand- 
stone, highly  oxidised  and  tolerably  dry,  the  other  bands 
containing  a  large  amount  of  moisture  : — 

Results  Tabulated. 


Constituents. 


Peroxide  of  iron     . 

Protoxide  of  manganese 

Silioa 

Alumina 

Xiime .        •        .        . 

Magnesia 

Sulphur     . 

Phosphoric  acid 

Gomoined  water 

Carbonic  acid 

Total      . 


Metallic  iron,  dried  stone 
,,        wet  stone  . 
Moisture 


Top 

Second 

Bond. 

Band. 

61-79 

48-71 

2-70 

3-05 

10-77 

12-85 

6-38 

3-85 

1-79 

9-58 

1-10 

2-51 

0-08 

0-06 

1-46 

1-12 

14-43 

12-47 

traces 

6-15 

100-50 

100-35 

43-25 

34-10 

38-94 

30-47 

9-97 

10-65 

Fourth 
Bond. 

47-14 
1-72 

11-95 
4-08 

11-45 
2-97 
0-10 
0-87 

12-40 
6-87 


99-55 


33-00 
29*44 
10-79 


"^ 


Sixth 

Eighth 

Band. 

Band. 

47-36 

41-14 

2-09 

0-79 

13-00 

24-40 

4-85 

6-62 

10-60 

8-18 

3-02 

2-10 

0-07 

004 

0-82 

1-12 

11-90 

10-70 

6-74 

5-28 

100-45 

100-37 

33-15 

28-80 

27-08 

25-04 

18-32 

13-04 
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Some  parts  of  the  great  seam  are  highly  manganiferous ;  these 
bands  do  not  appear  in  the  face  of  the  workings  from  which  the 
above  samples  were  taken  for  analysis,  but  appear  in  another 
part  of  the  quarry ;  these  also  have  been  examined  by  IVIr.  Dove ; 
the  one  sample,  consisting  of  scales  of  peroxide  of  manganese, 
taken  of  the  manganiferous  ironstone  band,  occurring  about 
13  feet  from  the  top  of  the  bed ;  the  second  sample,  from  that  part 
of  the  band,  appearing  about  7  feet  from  the  top  of  the  bed ;  and 
the  third,  an  average  sample  of  the  band  itself.  The  annexed 
show  the  results  : — 


Constituents. 

1. 

2.                              3. 

Peroxide  of  iron     . 

Peroxide  of  manganese  . 

Silica         .        .        .     . 

Alumina 

Lime         •                 •     « 

Magne.sia 

Scdphnr     .        .        .     . 

Phosphoric  acid 

Combined  water         .     . 

Carbonic  acid 

Total      .     . 

Iron  in  dried  stone 
Moisfcure    .        .        .     . 

23-71 

32-82 

14-00 

3-09 

9-4(5 

6'02 

•  •  • 

* 

«  •  • 

* 

•  •  * 

38-07 

11-40 

18-80 

o-Ol 

6-38 

2-82 

0-04 

0-52 

14-37 

3-02 

39-36 
3-80 

24-67 
5-41 
6-83 
2-27 
0-06 
0-56 

13-27 
3-90 

•  •  ■ 

100-43 

100-13 

16-00 
10-04 

26-65 
21-32     • 

27-55 
16-41 

From  an  examination  of  these  analyses  tlie  variable  com- 
position of  the  bed  will  be  understood.  Mr.  Dove  further  adds 
that  the  gi-eatest  cai-e  is  necessary  in  the  selection  of  the  stone 
before  it  is  charged  into  the  furnace ;  and  further,  that  unless 
this  selection  be  properly  understood  and  attended  to,  serious 
disorganization  of  the  working  of  the  furnace  must  inevitably 
result. 

The  seam  in  the  neighbourhood  of  Brigg,  a  few  miles  to  the 
south-east  of  Frodingham,  has  been  reported  upon  by  Mr.  Charles 
Tookey,  of  the  Royal  School  of  Mines,  giving  the  following 
results ;  for  comparison  is  appended  side  by  side  analysis 
of  the  Northamptonshu-e  ore,  from  the  neighbourhood  of 
Wellingborough : — 


*  Not  estimated. 
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Constituents. 


Lincolnshire, 
Brigg. 


Nortbamptonshire, 
Wellingboro'. 


Sesquioxidc  of  iron  . 
Protoxide  of  iron  .        .     . 

Peroxide  of  iron 
Protoxide  of  manganese       .     . 

Alumina 

Lime 

Magnesia  .... 

Carbonic  acid       .         .         .     . 

Phosphoric  acid 

Silica    .         .         .         .         .     . 

Bisulphide  of  iron     . 

Water  hygroscopic  and  combined 

Ignited  insoluble  residue  . 


Total 


Metallic  iron 


O8-10 


0*88 
3-00 
4-15 
0-96 
1-08 
1-40 


16-46 
13-75 


00-31 

trace 
... 

0-51 
7-25 

11-76 
0-62 
7-98 
1-28 
0-22 
0-17 

11-00 
9-33 


99-78 


100-43 


40-67 


35-37 


The  above  residue  of  the  Brigg  ironstone  is  made  up  of  11'70 
per  cent,  of  silica,  of  which  7*45  per  cent,  was  in  combination,  and 
4*25  per  cent,  existed  as  sand,  the  remaining  1*95  per  cent, 
consisting  of  alumina  and  lime. 

The  u'onstone  raised  at  Monk's  Abbey,  and  at  Greetwell,  near 
the  city  of  Lincoln,  worked  by  the  IVIid-Lincolnshire  Iron  Com- 
pany, is  in  great  request  by  the  ironmasters  of  the  Frodingham 
district,  who  use  the  stone  in  admixture  witli  the  Frodingham  ore, 
in  proportions  varying  from  one-eighth  to  one-quarter,  and  with 
the  most  satisfactory  results,  both  as  regards  the  regularity  of  the 
working  of  the  furnace  and  low  consumption  of  fuel  which  are 
obtained.  Since  its  introduction  the  difficulties  formerly  existing 
in  the  excess  of  lime  in  the  native  ore  has  been  much  lessened. 
The  following  is  an  analysis  of  the  ore : — 

Mm-LiNCOLN  Stone. 

Peroxide  of  iron 60-91 

Manganese '        .     .  traces 

Alumina        ........  5-47 

Lime 1-60 

Magnesia 0-06 

Phosphoric  acid 1*02 

Sulphur 0-03 

Insoluble  matter 15*80 

Carbonic  acid  and  water 15*35 

Total 100-24 
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The  eqiiivalent  of  metallic  iron  contained  in  this  stone  is  42*64 
per  cent,  the  insoluble  matter  consisting  of  18*24  per  cent,  of 
silica  and  2*56  per  cent,  of  alumina.  A  clay  obtained  at  Santon 
has  sometimes  been  used  in  admixture  with  the  ores  of  the 
northern  districts  of  Lincolnshire,  but,  commercially,  it  does  not 
appear  to  have  succeeded  so  well  as  with  a  certain  proportion  of 
the  stone  obtained  near  the  city  of  Lincoln. 

Comparing  the  constituents  of  the  Frodingham  stone  with  that 
of  Cleveland  the  results  show  favourably  in  an  analysis  of  the 
latter,  published  in  the  "Iron  Ores  of  Great  Britain,"  Part  I. 
Phosphoric  acid  gives  1*86  per  cent.,  and  protoxide  of  iron  89*92 
per  cent.  Some  of  the  better  varieties  of  Lincolnshire  stone, 
examined  by  Mr.  John  Pattinson,  of  Newcastle-upon-Tyne,  give 
the  following  results : — 


Constituenfji. 

No.  1. 

No.  2. 

No.  3. 

Peroxide  of  iron     . 

67-00 

72-14 

57-86 

Protoxide  of  iron       .     . 

nU 

nil 

nil 

Protoxide  of  manganese 

0-31 

0-62 

0-24 

AliiTniTia    .                 .     . 

4-20 

3-47 

710 

liime      .... 

1-82 

1-73 

2-92 

MacTiesia  . 
CarDonic  acid 

0-36 

0-34 

0-69 

1-27 

0-23 

1-67 

Silica         .        .        .     . 

9-87 

8-00 

14-17 

Sulphur 

0-02 

0-03 

trace 

Phosphoric  acid         .     . 
ComDined  water 

0-70 

0-57 

0-80 

1210 

11-24 

10-24 

Moisture    . 
Metallic  iron  . 

2-17 

1-59 

4-29 

99-82 

99-96 

99-98 

46-90 

50-50 

40-05 

Mr.  J.  Roseby,  who  has  long  been  identified  with  the  develop- 
ment of  the  ironstone  of  the  district,  expresses  his  opinion 
favourably,  stating  that  a  very  fine  quality  of  iron,  suitable  for 
almost  any  purpose  to  which  that  metal  is  applied,  could  be 
easily  produced;  all  that  would  be  required  being  care  in 
the  selection  of  the  stone. 

Production  and  Distribntion  of  Xronstone-  —  The  develop- 
ment of  the  North  Lincolnshire  ironstone  deposits  commenced 
about  the  year  1858  in  the  neighbourhood  of  Scunthorpe,  the 
property  of  Mr.  Rowland  Winn,  M.P.,  whose  name,  with  the 
names  of  the  Messrs.  Dawes  previously  referred  to,  are  so 
intimately  associated  with    the  early  history  and  subsequent 
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progress  of  this  the  most  recently  discovered  ironstone-field  in  the 
kingdom.  The  stone  raised  at  Frodingham  and  sent  out  of 
the  county  in  the  year  1859  was  smelted  at  the  Milton  and 
Elsecar  Works  in  Yorkshire,  in  admixture  with  the  clay  iron  ores 
of  the  coal  measures  of  that  district,  and  were  found  to  work  well 
in  the  furnaces,  producing  iron  of  good  quality. 

The  output  in  the  year  1859  did  not  exceed  2,000  tons, 
increasing  in  the  following  year  to  16,192  tons,  and  in  the  year 
1861  to  32,709  tons.  In  succeeding  years  the  returns  of  pro- 
duction appear  as  follows : — 


Year. 

IroiiBtone. 

Year. 

Ironstone. 

Nos. 

Tons. 

Nos. 

Tons. 

1861 

32,709 

1871 

217,767 

1862 

50,323 

1872 

256,149 

1863 

69,618 

1873 

350,281 

1864 

*,    74,619 

1874 

463,239 

1865 

124,958 

1875 

573,336 

1866 

175,720 

1876 

573,374 

1867 

192,213 

1877 

508,749 

1868 

200,699 

1878 

683,685 

*    1869 

220,524 

1879 

695,326 

1870 

216,829 

1880 

1,154,584 

The  great  bulk  of  production  is  obtained  from  the  Frodingham 
district,  which  includes  the  stone  dug  in  the  Scunthorpe  area, 
where  it  was  first  raised.  Other  deposits  discovered  at  Claxby, 
and  first  opened  out  by  Mr.  W.  Firth,  of  Leeds,  are  now  largely 
worked  and  sent  into  Yorkshire  for  the  Ardsley  Main  Works, 
which  belong  to  the  West  Yorkshire  Iron  and  Coal  Co.  The 
details  of  production,  with  the  value  of  the  ore,  appear  b^low 
for  the  year  1880 : — 


District  or  Mine. 


Qtuuitities. 


Value. 


L 


Caythorpe 
Claxby,  Oaistor    . 
Crosby,  Frodingham 
Greetwell,  Lincoln 
Gunbrose,  Parkgate  L:on  Co. 
Glebe  ..... 
Frodingham  Jion  Co. 
Trent  Son  Co. 
North  Lincolnshire  Lon  Co. 
Appleby  lion  Co. 
Bedbum  Hill  . 
Normanby,  Crosby 

• 

Total     . 


Tona.    CM'ts. 

73,680  14 

27,500  0 

89,130  7 

77,638  0 

145,899  0 

47,165  0 

145,642  0 

148,138  0 

357,353    0 

42,438    0 


£  8.  d. 

11,002     1  9 

4,125     0  0 

13,369  11  0 

15,527  12  0 

21,884  17  0 

7,074  15  0 

21,846    6  0 

22,220  14  0 

53,602  19  0 

6,365  14  0 


1,154,584    1       177,019    9    9 
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The  ironstone  worked  in  the  neighbourhood  of  the  City  of 
Lincohi  contains  silica  in  considerable  quantity,  and  on  this 
account  is  valuable  in  admixture  with  the  Frodingham  stone, 
which  is  calcareous.  The  annexed  figures  for  a  few  years  show 
the  quantity  raised  of  the  siliceous  ores  from  Lincoln,  conveyed 
to,  and  used  in,  the  ironworks  of  North  Lincolnshire  since  the 
year  1874 : — 


Year. 

Tons. 

Year. 

Tons. 

1874 
1875 
1876 
1877 

40,888 
80,890 
96,443 
97.977 

1878 

1879 
1880 

92,264 
76,908 
77,638* 

Distribntion  of  the  Ironstone. — The  districts  of  North 
Lincolnshire,  in  which  the  iron  mines  are  mainly  situated,  are 
traversed  by  the  Manchester,  Sheffield,  and  Lincolnshire  Bailway, 
affording  facilities  for  the  transport  of  the  ironstone  to  the  north, 
while  a  branch  of  the  same  system,  the  Trent  and  Anchohne 
Line,  puts  the  district  in  communication  with  Bamsley,  South 
Yorkshire,  the  West  Biding  of  Yorkshire,  Derbyshire,  and 
Nottinghamshire ;  the  distance  from  Bamsley  not  exceeding 
35  miles. 

In  the  year  1864  the  above-named  railway  carried  out  of  the 
county  25,363  tons,  increased  to  28,469  tons  in  the  year  1865. 
In  later  years  the  following  quantities  were  received  by  the 
Manchester,  Sheffield,  and  Lincolnshire  Eailway  Company,  and 
distributed  in  districts  remote  from  Lincolnshire  : — 


Year. 

Frodingham. 

HoIton-le-Moor. 

Lincolu. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1867 

86,587 

•  «  « 

•  •  * 

86,587 

1872 

138,279 

61,097 

... 

199,376 

1873 

205,677 

78,489 

•  •  • 

284,176 

1874 

141,289 

42,731 

40,888 

224,908 

1875 

217,630 

45,328 

80,890 

343,848 

1876 

164,101 

47,037 

96,443 

307,581 

1877 

172,265 

23,195 

97,977 

293,437 

1878 

188,209 

18,015 

92,264 

298,488 

1879 

150,298 

2,565 

76,908 

229,771 

1880 

262,359 

21,937 

73,948 

358,244 

The  value  of  the  ironstone  at  the  pits,  put  into  trucks,  varies, 

*  Of  the  value  of  £15,627,  or  is,  per  ton. 
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according  to  qualify,  from  28.  9d.  to  8«.  and  8«.  8(2.  per  ton,  the 
ironstone  also  bearing  a  moderate  charge  for  transport.  In  recent 
years  it  has  been  used  in  works  near  Middlesborough,  and  at 
Wingerworth  and  other  iron  works  in  Derbyshire,  and  even  in 
Lancashire. 

The  annexed  list  shows  the  locaUties  of  the  mines,  their  pro- 
prietors  and  managers,  in  the  year  1880  : — 


No. 


1 
2 
3 
4 
5 
6 
7 

8 

9 
10 

11 


Name  of  Mine. 


Situation. 


Name  of  Proprietor 
or  Company. 


Appleby 
Claxby  . 
Caythorite  . 
Norraanuy 
Frodingham 

»» 
Oonbrose  . 

Qreetwell 

Monks  Abbey 
Trent     . 

Glebe . 


BriKg 

Market  Ranen 
Grantham  . 
Frodingham  . 
Brigg .        . 

>i 

»»    •        • 

Lincoln . 

»i 
Scunthorpe    . 

Frodingham 


Cliff  &  Sons 

W.  Yorkshire  Iron  and  Coal  Co 
M.  C.  Cohen 

William  Cook  &  Co.,  Limiteil 
Charles  Winn  *      .        .        . 
Cliffy  Sons 

Park  Gate  Iron  Co.,  Limited 

Mid  Lincolnshire  Iron  Co. ;  > 

W.  J.  Boseby,  Man.  Partner  j 

i<  >i  i< 

Mrs.  W.  H.  Dawes    . 

Staveley  Coal  and  Iron  Co.  Lim. 


{ 


Name  of  Manager 
or  Agent 


F.  Walsham 
Dr.  England 
M.  C.  Cohen 
C.  F.  Roseby 
John  Roseby 
F.  Walsham 
George  Reed 

R.  Ramsden 

J.  H.  Dawes 

( Charles  Markham, 

(     Man.  Director. 


Fig  Iron  Maaufisustiire. — Tliis  industry  in  North  Lincolnshire 
is  of  comparatively  recent  date.  About  the  year  1862  the 
Messrs.  Dawes,  of  the  Milton  and  Elsecar  Iron  Works,  near 
Bamsley,  laid  down  and  erected  the  Trent  Iron  Works.  The 
same  firm  had  previously  been  engaged  in  the  development  of  the 
ironstone  deposits  of  the  district,  which  were  conveyed  to  the 
works  near  Bamsley,  above  named,  and  smelted  in  admixture 
with  the  argillaceous  ores  of  the  coal  measures,  producing  a 
quality  of  iron  suitable  for  mill,  forge,  and  foundr)''  purposes. 
The  Trent  Works  commenced  operations  in  1863.    In  the  year 

1866  the  Frodingham  Iron  Company,  situated  at  Scunthorpe, 
were  started   by  Messrs.   ClifiF   and    Hurst,   and  in  the  year 

1867  this  firm  had  two  furnaces  in  blast.  The  North  Lincoln- 
shire Iron  Company  followed  about  the  same  date  with  one 
furnace,  blowing  in  a  second  fiimace  in  the  year  1871.  The  next 
metallurgical  works  projected  were  those  of  the  Lincolnshire 
Iron  Smelting  Company  and  the  Eedboum  Hill  Iron  and  Coal 
Company,  the  former  about  the  year  1872,  and  the  latter  more 
recently,  in  the  year  1874,  the  last  works  established  being 
those  of  the  Appleby  Iron  Company,  who  commenced  operations 
about  the  year  1877. 

The    Lincolnshire   furnaces   vary  considerably  in    size    and 
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capacity ;  those  of  the  Trent  Company,  erected  in  1862  and  1863, 
are  40  feet  high  and  14  feet  in  diameter  at  the  boshes ;  others 
erected  by  the  same  firm  in  the  year  1875  are  60  feet  high  and 
18  feet  in  the  boshes.  Those  of  the  Frodingham  Company  vary 
from  63  to  65  feet  in  height,  having  a  diameter  at  the  boshes  of 
18  feet,  "the  furnaces  of  the  North  Lincolnshire  Iron  Company, 
erected  in  1865  and  1867,  are  70  feet  and  52  feet  in  height,  and 
20  feet  in  the  boshes  ;  the  furnaces  erected  by  the  same  company 
in  the  year  1875  being  60  feet  in  height  and  20  feet  9  inches  in 
the  boshes. 

The  most  capacious  furnaces  in  the  district  are  those  of  the 
Bedboum  Hill  Iron  and  Coal  Company,  75  feet  in  height  and 
20  feet  diameter  in  the  boshes.  The  furnaces  of  the  Lincolnshire 
Smelting  Company  are  70  feet  in  height  and  20  feet  diameter  iii 
the  boshes,  while  those  of  the  Appleby  Iron  Company  are  62  feet 
in  height  and  18  feet  diameter  in  the  boshes. 

The  Bedboum  Hill  furnaces,  the  largest  in  the  district,  possess 
some  interesting  features,  designed  by  Mr.  Dobbs,  of  Middles- 
borough,  and  constructed  so  as  to  deal  with  the  excess  of  moisture 
contained  in  the  ironstone.  The  arrangements  are  thus  de- 
scribed :  "  The  gas  may  be  taken  off  either  at  the  top  or  at  a  point 
22  feet  lower  down,  and  the  an^angement  is  to  take  off  at  the 
lower  point  sufficient  gas  to  supply  the  stoves  and  boilers,  and 
then  to  allow  the  surplus  gas  to  pass  through  the  material  above 
the  point,  and  to  escape,  with  the  moisture  driven  off,  through  an 
escape-pipe  fixed  on  the  upper  gas  box."  The  plan  appears  to 
work  well;  the  lower  flue,  however,  requires  attention,  as  it 
is  quickly  choked  with  dust,  and  renders  frequent  cleaning 
necessary.  In  the  open-topped  furnaces  of  the  district  the  gas  is 
taken  off  at  distances  varying  from  8  to  15  feet  from  the  top,  and 
with  sufficient  draft  of  chimney  enough  can  be  obtained  to  do 
away  entirely  with  the  use  of  coal  at  either  stoves  or  boilers* 
The  stoves  employed  throughout  the  district  are  of  the  ordinary 
Cleveland  type,  and  the  temperature  obtained  varies  from  800°  to 
lOOO''  Fahr. 

The  first  ton  of  pig  iron  was  cast,  in  the  year  1864,  at  the 
Trent  Works ;  in  the  same  year  the  united  production  of  Lin* 
colnshire  and  Northamptonshire  amounted  to  22,828  tons, 
increased  in  the  following  year  to  25,728  tons.  In  subsequent 
years  the  furnaces  built  and  in  blast,  and  the  make  of  pig  u*on. 
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in  Lincolnshire,  was  as  follows  till  the  year  1871,  to  which  is 
appended  the  average  yield  per  furnace  : — 


Year. 

FURNACES. 

Ptelron 
Made. 

Average 
jier  Furnace. 

Built         In  Blast 

1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 

No8. 
5 
5 
6 
6 
6 
6 
6 
7 

Nos. 
3 
3 
3 
5 
5 
5 
4 
4 

Tons. 

9,600 
11,028 
13,765 
25,579 
33.999 
33,768 
31,690 
30,122 

Tons. 
3,200 
3,676 
4,588 
5,116 
6,780 
6,752 
7,922 
7,530 

Goal  and  Iron  Ore  used  in  Maanfisustore, — The  fuel  em- 
ployed is  Durham  coke,  and  coke  obtained  from  the  South  York- 
shire coal-field,  analyses  of  which  will  be  found  in  each  of  those 
coal-producing  districts. 

In  the  following  table  appears  the  number  of  furnaces  built  and 
in  blast,  the  make  of  pig  iron,  and  the  quantities  of  coal  and  ore 
used  in  its  manufacture,  in  each  year  since  1871 : — 


Year. 

rVKSACEH. 

'  Pig  Iron. 

Coal  Used. 

Ore  Used. 

Built 

In  Blast 

1871 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Nos. 
7 
9 
13 
15 
21 
21 
21 
21 
21 
21 

Nos. 

4 

7 

9 

8 

14 

16 

10 

11 

14 

15 

Tons. 

30,122 

36,989 

52,076 

67,260 

111,683 

125,198 

116,857 

125,043 

131,678 

207,704 

Tons. 

84,000 
105,658 
142,236 
167.188 
303,000 
297,676 
265,232 
270,050 
261,395 
481,807 

Tons. 
106,000 
130,000 
188,050 
253,596 
393,000 
454,836 
428,459 
453,053 
465,818 
790,819 

The  above  figures  show  a  varjung  average ;  in  tlie  year  1871 
lliere  were  56  cwts.  of  coal,  and  in  1872,  57  cwts.  to  each  ton  of 
pig  iron  made,  while  in  1878  the  quantity  did  not  exceed  48  cwts., 
a  saving  in  seven  years  of  13  cwts.  of  coal  in  each  ton  of  iron 
made.  This  economy  is  mainly  due  to  the  more  extensive  use 
of  Durham  coke,  and  the  utilization  of  the  waste  gases.     The 
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foregoing  figures  are  actual  returns,  and  include  all  coal  used 
in  all  processes  carried  out  in  the  works.  In  the  close-topped 
furnaces  of  the  district  it  has  been  determined,  all  conditions 
being  favourable,  the  furnace  in  good  working  order,  that  the 
consumption  of  Durham  coke  does  not  exceed  24  cwts.,  and  even 
less.  This  would  be  equivalent  to  from  34  to  35  cwts.  of  coal  in 
the  furnace,  the  remainder  being  otherwise  employed  in  the 
works.  Again,  in  the  open-topped  furnace,  using  the  same  class 
of  coke,  from  27  to  28  cwts.  are  employed,  equivalent  to  40  cwts., 
taking  in  each  case  the  yield  at  70  per  cent.,  while  in  the  same 
type  of  fui'nace  using  the  South  Yorkshire  coke  the  consumption 
is  found  to  be  from  30  to  32  cwts.,  equal  to  from  49  to  51  cwts. 
of  coal,  the  latter  yielding  of  coke  62  per  cent. 

The  ironstone,  which  is  chiefly  employed  in  the  raw  state, 
requires  from  70  to  71  cwts.,  owing  to  the  lime  it  contains;  when 
calcined  in  clump  and  exposed  to  the  weather  it  decrepitates, 
and  it  has  been  suggested  that  this  result  might  be  got  over  if 
the  stone  was  charged  hot  from  the  calcining  kiln  to  the  ftimace. 
The  amount  of  moisture  contained  in  the  raw  stone  varies  with 
the  season,  amounting  in  the  winter  months  to  80  per  cent., 
greatly  increasing  the  consumption  of  fuel.  As  already  stated, 
the  Lincoln  stone  is  used  in  admixture  with  the  Frodingham 
stone ;  tlie  Santon  clay  (worked  at  Santon,  some  four  or  five 
miles  from  Brigg),  also  referred  to,  is  occasionally  used  as  a 
fluxing  material.  Its  composition  is  as  follows,  containing  4*75 
per  cent,  of  iron ; — 

Santon  Olay. 

Silica 60-10 

Alumina 22*72 

Peroxide  of  iron 6'78 

Lime 4*28 

Magnesia         ...                ....  1*56 

Water  and  organic  matter 14-33 

Total  .        .        .    99*77 


CHAPTER    XIV. 

NORTH    WALES    IRON    INDUSTRIES. 

Iron  Ore  Deposits  of  Denbighshire  and  Flintshire — Analyses  and  Production  of 
Iron  Ore — Population  employed  in  Iron  Mining — Succession  of  Strata  in 
Denbighshire — Pig  Iron  Manufacture — Early  History — Production — ^Works  in 
Operation  in  1880 — Malleable  Iron  Works— Coal  and  Iron  Ore  used  in  Pig  Iron 
Manufacture. 

Iron  Ore  Deposits. — Some  ten  years  since  a  discovery  was 
made  of  a  rich  argillaceous  iron  ore,  consisting  of  6  or  7  bands 
of  a  dark  ironstone  on  the  out-crop  of  the  Buabon  coal-field  at 
Trefechan,  and  some  90  or  100  yards  below  the  Llwynenion  or 
Half-yard  coal  of  that  district.  This  ironstone  does  not  appear 
to  have  been  wrought  to  any  extent,  though  it  has  been  known 
to  yield  iron  of  very  good  quality.  On  an  adjoining  property 
near  Trefechan,  it  is  stated  that  these  ores  were  successfully 
reduced  by  a  former  proprietor  who,  between  the  years  1811  and 
1824,  produced  some  30,000  tons  of  pig  iron  from  ores  raised 
there,  some  specimens  of  the  iron  referred  to  showing  a  curiously 
close-grained  structure. 

In  Flintshire,  at  the  Cwm  Mountain,  near  Prestatyn,  a  deposit 
of  red  hematite  occurs,  about  IJ  miles  south-east  of  the  far- 
famed  Talargoch  lead  mine.  The  ore  here  occurs  almost  entirely 
as  a  breccia  of  angular  fragments,  cemented  by  crystalline  car- 
bonate of  lime.  It  fills  very  irregular  lodes  in  the  carboniferous 
limestone,  and  extends  also  in  an  irregular  form  between  the 
limestone  and  underlying  Silurian  rocks  to  a  short  distance  from 
the  lodes. 

In  the  neighbouring  hill,  Moel  Hirradug,  several  small  deposits 
have  been  worked,  some,  it  is  supposed,  at  a  very  early  date.  The 
ore  occurs  in  "pockets,"  produced  by  the  sudden  widening  out  of 
small  joints  in  the  carboniferous  limestone.    These  deposits  have 
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been  worked  since  the  year  1870,  and  appear  to  contain  both 
nickel  and  cobalt :  an  average  assay  giving  cobalt  2*05  per  cent., 
nickel  0*75  per  cent,  with  oxide  of  iron.  Other  deposits  have 
been  worked  at  Caerwys,  and  at  Gled-lom,  near  Ysceifiog,  and 
in  all  these  cases  the  iron  ore  is  found  in  the  lowest  beds  of  the 
limestone. 

A  number  of  similar  pockets  are  being  worked  in  the  small 
patch  of  limestone  near  Bodfari.  They  are  here  connected  with 
a  system  of  strong  joints,  having  a  west-norfti-west  direction. 

Analyses  of  the  Ironstone. — The  argillaceous  ores  of  Den- 
bighshire contain  from  80  to  36  per  cent,  of  metallic  iron.  The 
ironstone  raised  at  Trefechan  gives  86*31  per  cent,  of  metallic 
iron,  and  on  calcination  51*54  of  metallic  iron.  A  complete 
analysis  of  this  ironstone,  by  Mr.  John  Collins  of  Bolton, 
exhibits  the  following  constituents  : — 

Eesults  Tabulated. 

Metallic  iron 36*31 

Manganese 1*31 

Magnesia 3*39 

lime 3*03 

Alumina 0*79 

Water 0-96 

Carbonic  acid 3306 

Phosphoric  add 1*09 

Sulphuric  add trace 

Ignited  insoluble  matter 20*06 

Total        ....    100*00 


It  is  said  of  this  ironstone  that  it  is  unusually  free  from 
impurities  and  comes  comparatively  clean  fi'om  the  mine,  requiring 
but  little  preparation  for  the  calcining  heap. 

Production  of  Ironstone. — The  great  bulk  of  the  ironstone 
smelted  in  the  furnaces  of  North  Wales  is  obtained  from  the 
ironstone  measures  of  the  Denbighshire  coal-field  in  the  neigh- 
bourhood of  Ruabon.  The  quantity  raised  in  the  year  1856 
amounted  to  65,820  tons ;  hematite  ores  raised  in  the  same  year 
in  the  neighbourhood  of  Rhyl  and  Cwm  Mountain  in  Flintshire 
amounting  to  1,320  tons.  In  the  years  1856  and  1857  the  total 
quantities  of  all  kinds  of  iron  ore  and  stone  were  respectively 
65,914  tons  and  70,874  tons,  the  details  of  production  being 
as  follows  in  each  of  those  years  : — 
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Collieries  and  Mines. 

1856. 
QuantiUes. 

1857. 
Quantities. 

Afon  Eitha       .        .        . 

BrjTnbo 

Bryn  Mally      .... 

Brougbton 

Coed  Toetb       .        .        . 
Cwm  Mountain  (Hematite) .     . 

Dolydd 

Ffrwd 

Llwynenion      .... 

Nannerch 

Plasissa 

Quinta 

Trafynant         .... 

Vron 

Ruabon 

TotAl                     .                   a          . 

Tons. 

367 

29,558 

1,648 

82 

1,890 

a  a  . 

200 
6,000 
1,200 

6,397 
50 

1,500 

37 

16,985 

Tons. 

367 

30,715 

1,500 

90 

1,800 

1,650 

350 
6,000 
1,150 
1,080 
7,142 

1V43O 

100 

17,000 

65,914 

70,374 

Smaller  quantities  obtained  from  other  collieries  in  1856  make 
the  total  70,000  tons ;  and  20,000  tons,  in  1857,  brings  the  total 
yield  for  that  year  up  to  90,874  tons.  The  production  of  iron  ore 
of  all  kinds  in  North  Wales  since  1858  has  been  as  follows  : — 


Denbigh- 

inint^liiTVt 

Carnarvon- 

Sundry 

Total 

1  i'ui  • 

shire. 

f  ill  1  iiOU  I  ro. 

shire. 

Mines. 

North  Wales. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1858 

48,935 

3,590 

1,650 

35,000 

88,575 

1859 

38,822 

3,500 

1,750 

39,000 

87,073 

1860 

85,000* 

•  •  • 

97 

•  •  ■ 

85,097 

1861 

82,500 

4,000 

•  a  « 

*  •  • 

86,500 

1862 

61,700 

2,456 

1 

54,156 

1863 

27,550 

732 

28,282 

1864 

23,750 

5,377      ' 

1 
■  • .              1              ... 

29,127 

1865 

97,600 

750 

i 

98,250 

1866 

55,690 

992 

1 

1  •  •                                                     •  •  ■ 

56,682 

1867 

43,582 

500 

44,082 

1868 

35,813 

500 

■  •  « 

36,313 

1869 

33,431 

62 

•  «  « 

33,493 

1870 

59,140 

100 

•  •  • 

59,240 

1871 

51,887 

•  •  • 

•  •  • 

57,887 

1872 

23,045 

4,730 

•  •  ■ 

27,775 

1873 

25,000 

3,860 

9,426 

38,286 

1874 

41,157 

1,070 

•  •  ■ 

42,227 

1875 

39,907 

2,277 

*  •  • 

42,184 

1876 

40,952 

•  •  • 

•  •  « 

40,952 

1877 

41,711 

498 

•  •  • 

42,209 

1878 

43,082 

378 

«  •  ■ 

43,460 

1879 

38,936 

392 

< 

•  ■  • 

39,328 

1880 

41,413 

1,603 

•  •  • 

43,016 

*  Including  produce  of  Flintshire. 
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The  great  bulk  of  ironstone  raised  in  North  Wales  is  of  the 
variety  known  as  argillaceous  carbonate.  The  average  value  of 
the  ore  in  the  year  1870  was  about  7«.  per  ton,  increased  to  lis. 
per  ton  in  1872,  receding  in  1875  to  lOs.  per  ton,  since  which  date 
it  has  remained  with  but  little  variation. 

Population  employed  in  Iron  Mining  in  Flintshire. — ^In  the 
mines  raising  hematite  in  two  or  three  localities  in  Flintshire, 
the  following  were  the  numbers  employed  in  each  year  since  1878, 
and  although  the  numbers  are  small  and  the  produce  of  iron  ore 
unimportant,  it  cannot  but  be  interesting  to  note  up  all  infor- 
mation bearing  on  the  subject : — * 


Year. 

PERSONS  EMPLOYED. 

Total. 

Iron  Ore 
Raised. 

Average 
per  Man. 

Under 
Ground. 

Above 
Ground. 

1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Noa. 

46 

36 

19 

2 

2 

9 

4 

9 

N08. 

15 
9 
4 

•  •  • 

12 
4 
9 

•  •  • 

Nob. 
61 
45 
23 
2 
14 
13 
13 
9 

Ton& 

4,730 

4,716 

1,069 

26 

498 

378 

232 

950 

Tons. 

77 
104 
46 
13 
35 
29 
18 
105 

The  Denbighshire  iron  furnaces  are  chiefly  supplied  by  the 
ironstone  measures  of  the  coal-field.  In  the  year  1851  when,  as 
already  stated,  the  late  Mr.  Samuel  H.  Blackwell  exhibited  in  the 
Great  Exhibition  a  most  interesting  series  of  iron  ores,  illustrating 
the  iron  making  resources  of  the  United  Kingdom,  the  ironstone 
measures  of  Denbighshire  were  thus  referred  to,  showing  the 
following  succession  of  strata  in  section : — 

ST&ATA.  THICKKBSa. 

Ft    In. 

Three-yard  CoaX 9    0 

Brassey  Coal 2    3 

Upper-yard  Ironstone;  four  irregular  courties  averaging  about  0    7 

Upper-yard  CoaX 2    6 

Red  Coal  Ironstone  Balls^ 

Bed  Coal 16 

Stone  Coal  Ironstone  ;  four  coui'ses. 

Stone  Coal .29 

Half-yard  Coal 16 

*  H.M.  Inspectors  of  Mines  Reports. 
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8TBATA  (continued),  thickvkss. 

TtDO'yard  Coal  Ironstone.  ^-  ^^' 

Lower-yard  Ironstone. 

Lower-yard  Coal 3    0 

Wall  and  Bench  Ironstone;  six  courses,  equal  to  12^  in.,  lying 
in  about  7  ft.  of  ground. 

Wall  and  Bench  Coals ..30 

Llwynenion  Ironstones;  fifteen  courses,  averaging  30 in.,  all 
worked  with  the  coal  in  three  lifts ;  will  yield  from 
8,000  to  9,000  tons  per  acre. 
Llvrynenum  Coal 16 

Frodiiction  of  Pig  Iron. — As  far  back  as  the  year  1740,  the 
reduction  of  the  ores  of  iron  appears  to  have  been  carried  on  in 
North  Wales  in  Denbighshire.  The  returns  of  production  for 
that  year  show  the  existence  of  two  blast  furnaces,  yielding 
550  tons  of  pig  iron,  the  total  make  of  the  59  furnaces  in  opera- 
tion in  England  and  Wales  at  that  time  being  17,350  tons,  giving 
an  average  yield  per  furnace  of  294  tons.  Advancing  to  the  year 
1788,  when  the  aggregate  production  of  pig  iron  in  England  and 
Wales  amounted  to  61,300  tons,  of  which  13,100  tons  were  char- 
coal iron,  and  48,200  tons  coke  pig  iron,  the  former  the  yield  of 
24  and  the  latter  of  53  furnaces,  North  Wales  at  this  period  does 
not  appear  to  have  had  any  share  in  the  manufacture.  Later,  in 
the  year  1796,  Denbighshire  appears  to  have  had  five  furnaces 
in  operation,  yielding  6,230  tons  of  pig  iron.  The  details  of 
production  were  the  result  of  an  inquiry  instituted  by  the  House 
of  Commons,  at  the  time  that  Mr.  Pitt  proposed  to  levy  a  tax  on 
coal,  to  be  paid,  without  exception,  at  the  pit's  mouth,  a  measure 
subsequently  abandoned.  The  works  in  operation  in  1796,  with 
the  make  of  each,  is  recorded  as  follows  : — 

WORKS.  TONS. 

Brymbo 884 

BrymboGate 728 

Pentroba 1,660 

Penyvron 1,498 

Buabon 1,560 

Total ^,230 

The  total  production  of  pig  iron  in  Great  Britain  in  1796, 
according  to  the  returns  of  the  Excise  authorities,  is  set  down 
at  167,811  tons.  Subsequent  inquiries  showed  the  quantities 
actually  made  not  to  have  exceeded  125,080  tons  ;  even  this  is  a 
considerable  advance  on  the  production  of  1788.  In  the  begin- 
ning of  the  present  century  (1806),  the  two  principal  ironworks 
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in  Denbighshire  were  those  of  Buabon  of  Messrs.  Rowland  & 
Co.,  and  those  of  Brymbo  of  Mr.  S.  Wilkinson ;  the  Ruabon 
furnace  producing  1,463  tons  of  pig  iron,  and  the  Brymbo,  462 
tons,  the  last  named  works  being  in  operation  but  a  part  of  the 
year.  The  total  make  of  pig  iron  in  Great  Britain  in  1806  being 
248,851  tons,  the  jdeld  of  161  furnaces.* 

Not  again  until  the  years  1828  and  1880  are  returns  available. 
In  the  last  named  year  Mr.  F.  Finch,  in  his  inquiry  carried  out 
for  the  Government,  ascertained  that  the  make  of  7  furnaces 
in  North  Wales  in  1828  was  18,100  tons  of  pig  iron,  increased  in 
1880  to  12  furnaces  and  25,000  tons,  showing  an  increase  of 
12,000  tons  in  7  years.  Mr.  H.  Scrivener  *  gives  the  following 
as  the  number  of  furnaces  and  make  of  pig  iron  in  the  years 
named : — 


Year. 

Furnaces. 

Pig  Iron  Made. 

1825 
1826 
1828 

Nos. 
7 

7 
12 

Tons. 
13.100 
15,756 
25,168 

Advancing  to  the  year  1889,  when  Mr.  David  Mushet  made 
his  inquiry,  the  production  of  Great  Britain  was  1,248,781  tons, 
there  being  at  that  period  20  furnaces  in  North  Wales,  of  which 
18  were  in  blast,  making  88,800  tons  of  pig  iron,  giving  an 
average  of  2,600  tons  per  furnace. 

Mr.  Porter,!  in  the  year  1840,  gave  the  make  of  North  Wales 
as  26,500  tons,  and  the  make  of  the  kingdom  the  same  year, 
1,896,400  tons.  Again,  in  1847,  a  return  to  Parliament  gives 
the  number  of  furnaces  in  North  Wales  as  11,  of  which  5  were 
active,  producing  16,120  tons  of  pig  iron ;  the  details  are  as 
under : — 


Works. 

Furnaces. 

Pig  Iron  Made. 

Brymbo 

British  Company                 .     . 
Coed  Talon       .... 
PlasiBsa 

Total     . 

Nos. 
2 
1 
1 
1 

Tons. 
6,240 
5,200 
1,560 
3,120 

5 

16,120 

*  For  details  see  Appendix  IT.,  p.  834. 

t  "  Progress  of  the  Nation,"  by  G.  R.  Porter,  F.B.S. 
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The  total  make  of  pig  iron  in  the  kingdom  the  same  year 
was  1,999,568  tons,  the  make  of  438  furnaces.  In  the  year 
1852  the  production  increased  to  2,701,000  tons.  The  only 
works  of  which  we  have  any  account  at  this  period  in  North 
Wales  are  those  of  Brymbo,  with  two  furnaces,  and  Ruabon, 
with  three  furnaces.  Advancing  to  the  year  1854  the  resources 
of  production  had  greatly  increased,  there  being  at  that  date 
7  works  in  North  Wales,  with  an  aggregate  of  11  furnaces,  9  of 
which  were  active,  producing  32,900  tons  of  pig  iron,  giving  an 
average  of  3,633  tons  per  furnace.  The  works  and  companies  in 
1854  were  as  follows : — 


ICama  n/  \7/\f>1ra 

Ownen. 

FURMACEB. 

Aoiue  oi  VToriu* 

Boilt. 

InBlAst 

Brymbo  . 
Coed  Talon. 
Pfrwd     . 
Leeswood  . 
Ruabon  . 
PlafflFsa 
Plaskynaston  . 

, 

The  Brymbo  Co.       .        .        . 

Oakley  A  Co 

Sparrow  &  Co. 

Oakley  &  Co 

New  British  Lron  Co. 
Samuel  Gtilkes 
Moss  and  Luker 

Total         .        .    . 

Nos. 
2 

1 
1 

2 
3 

1 
1 

Nos. 
2 
0 
1 
1 
3 
1 
1 

11 

9 

In  Great  Britain  at  this  period  the  total  production  of  pig  iron 
amounted  to  3,069,888  tons,  the  make  of  555  furnaces,  of  which 
307  were  in  England,  130  in  Wales,  and  118  in  Scotland.  The 
details  are  as  under : — 

DISTRICTS.  QVARTITIXS. 

Tods. 

Northumberland,  Durham,  and  North  Yorkshire  .        .  275,000 

Cumberland  and  Lancashire 20,000 

Yorkshire  (West  Biding) 73,444 

Derbyshire 127,500 

Staffordshire 847,600 

Shropshire 124,800 

Gloucestershire                        .        .        .        .        .        .  21,990 

North  Wales 32,900 

South  Wales 750,000 

Scotland 796,604 

Total  production  in  1854        ....     3,069,838 

In  subsequent  years  the  number  of  furnaces  built  and  in  blast 
in  North  Wales,  with  the  make  of  pig  iron,  and  the  average  make 
per  furnace,  will  be  found  in  the  annexed  table  : — 
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rUEKACKS. 

Year. 

Hake  of 
Ffglron. 

Ayenigeper 
Fornaoe. 

BoUt 

In  Blast 

Noa. 

Nos. 

Tons. 

Tons. 

1855 

11 

8 

31,420 

3,927 

1856 

10 

9 

47,682 

5,298 

1857 

14 

6 

37,049 

6,174 

1858 

13 

6 

28,150 

4,692 

1859 

13 

6 

26,980 

4,496 

1860 

14 

8 

49,360 

6,142 

1861 

12 

5 

46,658 

9,331 

1862 

13 

5 

31,719 

6,344 

1863 

13 

7 

51,076 

7,296 

1864 

14 

8 

51,108 

6,388 

1865 

14 

7 

51,874 

7,410 

1866 

10 

5 

25,515 

5,103 

1867 

9 

5 

32,843 

6,568 

1868 

9 

4 

37,046 

9,261 

1869 

8 

6 

38,530 

6,421 

1870 

8 

6 

42,695 

7,116 

1871 

8 

5 

41,893 

8,378 

1872 

8 

4} 

41,464 

8,728 

1873 

9 

5 

42,773 

8,554 

1874 

9 

6 

51,868 

8,644 

1875 

9 

6 

55,099 

9,183 

1876 

11 

4 

32,723 

8,181 

1877 

11 

^ 

26,715 

7,630 

1878 

11 

3 

23,091 

7,697 

1879 

11 

3 

18,953 

6,317 

1880 

10 

i 

57,812 

8,259 

The  above  returns  in  the  years  1874  and  1876  include  the 
production  of  the  Mostyn  Coal  and  Iron  Co.^  Flintshire,  who 
have  two  furnaces^  which  were  in  blast  in  those  years,  and  con- 
tinued in  operation  till  March,  1876,  since  which  date  they  have 
been  standing.  The  yield  of  the  Mostyn  Works  in  1872  and 
1878  was  respectively  18,228  tons  and  24,690  tons,  which  are 
included  in  the  above  returns  for  those  years.  The  works  and 
furnaces  in  North  Wales  in  the  year  1880  were  as  follows  : — 


No. 

1 
2 
3 

1 

Name  of  Works. 

ruRMAcn. 

Owners. 

Built 

Tn 
Blast. 

JDenbighthire — 
Brjmbo        .... 
Ffrwd,  Wrexham            .    . 
Buabon        .... 

Flint9hir^— 
Mostyn 

Brymbo  Iron  Go.         .        .        . 
James  SjMirrow  &  Son            .    . 
New  Bntiiih  Iron  Co.  . 

Mostyn  Coal  and  Iron  Co.,  lim. . 

Nos. 

3 
3 
2 

2 

Nos. 

2 
2 

1 

2 

Total  of  Denb 

ighshire  and  Flintshire    . 

10 

7 
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Malleable  Zronworks. — There  are  five  of  these  establishments 
in  North  Wales,  situated  at  Buabon  and  Wrexham,  in  Denbigh- 
shire, possessing  considerable  resources  for  the  manufacture  of  the 
various  forms  of  iron.  The  works  of  the  New  British  Iron  Co., 
at  Buabon,  contain  84  puddling  furnaces  and  4  rolling  mills ; 
the  Broughton  Hall  Works,  near  Wrexham,  10  furnaces  and 
2  rolling  mills ;  the  Pontysylle  Works  of  Messrs.  Hyde,  Jones  and 
Mackay,  13  furnaces  and  1  roUing  mill ;  the  Stansty  Works  of 
Messrs.  Forrest  and  Co.,  6  furnaces  and  1  mill ;  and  the  Llay  Hall 
Works  at  Buabon,  where  fire-bricks  are  also  manufactured. 
When  in  active  operation  it  is  estimated  that  the  consumption 
of  coal  would  not  be  less  than  from  60,000  to  70,000  tons  per 
annum.  For  some  years  past  much  inactivity  has  prevailed  in 
these  works,  and  the  returns  for  1880  show  that  all  were  stand- 
ing except  the  Buabon  Works  of  the  New  British  Iron  Company, 
which  establishment  had  18  puddling  furnaces  in  operation  out  of 
a  total  of  30,  and  4  rolling  mills,  the  consumption  of  fuel  probably 
not  exceeding  16,000  tons  of  coal. 

Coal  and  Iron  Ore  used  in  Manii£Ebctiire. — It  appears,  on 
the  authority  of  Mr.  G.  E.  Porter,*  that  the  coal  used  in  1840  in 
the  make  of  26,600  tons  of  pig  iron  in  Denbighshire  was  110,000 
tons,  giving  an  average  of  4  tons  8  cwt.  to  each  ton  of  pig  iron 
made. 

In  the  year  1872  and  since,  the  quantities  of  coal  and  ore  used 
in  the  works  in  North  Wales  in  pig  iron  manufacture  were  as 
under : — 


Year. 

Pig  Iron. 

Coal  Used. 

Iron  Ore  Used. 

Tons. 

Tons. 

Tons. 

1872 

41,464 

185,000 

•  •  • 

1873 

42,773 

187,278 

143,973 

1874 

51,868 

140,942 

127,023 

1875 

55,099 

144,652 

139,540 

1876 

32,723 

83,188 

66,385 

1877 

26,715 

59,669 

51,717 

1878 

23,091 

48,249 

47,234 

1879 

18,953 

35,804 

39,500 

1880 

57,812 

139,328 

130,676 

An  examination  of  the  above  returns  for  the  years  1872  and 
1873  shows  a  consumption  of  upwards  of  4  tons  of  coal  to  each 


41    « 


Progress  of  the  Nation." 


CHAP.  XIV.]  NORTH  WALES  IRON  INDUSTRIES.  583 

ton  of  pig  iron  made.  In  1875  it  did  not  exceed  50  cwt.  of  coal 
and  51  cwt.  of  iron  ore  in  the  Denbighshire  furnaces,  while  in  the 
Flintshire  Works  at  Mostyn,  where  hematite  chiefly  was  smelted, 
the  average  did  not  exceed  41  or  42  cwt.  of  coal  and  ore  to  each 
ton  of  pig  iron  made.  The  ores  employed  include  argillaceous 
ores  of  the  district  Pottery  Mine,  North  Staffordshire,  hematite 
from  Lancashire  and  Spain,  and  Northampton  ore. 

The  proportion  of  coal  and  ore  used  in  1880  to  each  ton  of 
pig  iron  made  was  respectively  49  cwt.  of  coal  and  45  cwt.  of 
ore,  compared  with  50  cwt.  of  coal  and  51  cwt.  of  ore  in  1875  ; 
while  in  recent  years  it  appears  that  hematite  ores  have  been 
more  extensively  employed  than  formerly. 


CHAPTEE    XV. 

SOUTH    WALES  AND  MONMOUTHSHIRE   IRON   INDUSTRIES. 

Ironstones  of  the  Coal  Measures — Order  of  Occurrence — Description  and  Analyses 
— Iron  Ore  Deposits  of  the  Carboniferous  Limestone,  Whitchurch,  Mwyndy, 
Hendy,  and  Wenvoe — Production  and  Analyses — Pig  Iron  Manufacture — Early 
History — Moamouthshire,  Brecknockshire  and  Glamorganshire — Account  of 
Cyfarthfa  Works — Anthracite  Pig  Iron — Early  History — Production  of  Pig 
Iron  in  Bituminous  and  Anthracite  Coal  districts  since  1855 — Mills  and  Forges 
and  Bessemer  Steel  Works  and  Coal  employed — Coal  and  Iron  Ore  used  in  Pig 
Iron  Manufacture  in  South  Wales. 

The  Clay  Zronstones.  —  Formerly  the  ironworks  of  South 
Wales  depended  almost  entirely  upon  the  clay  ironstones  of  the 
coal  measures  (argillaceous  carbonates  of  iron) :  these  in  recent 
years  have  become  more  expensive  to  raise,  as  they  recede 
further  from  the  outcrop.  At  one  period  two-thirds  of  the 
ironstone  used  in  the  blast  furnaces  of  Great  Britain  were  ob- 
tained from  the  coal  measures,  now  the  quantities  do  not  exceed 
one-third  of  all  the  ironstone  raised  in  the  kingdom. 

The  late  Mr.  Samuel  Black  well,  of  Dudley,*  in  his  report  of 
the  iron  ores  of  the  kingdom,  divides  the  South  Wales  coal-field 
into  several  districts,  in  each  of  which,  sections  are  given  distin- 
guishing the  strata,  the  seams  of  coal,  and  measures  of  ironstone, 
and  the  principal  iron-works.  The  districts  are  enumerated  as 
follows : — 

The  Eastern  Oukrap, 

TJie  North-Eastern  Outcrop, 

The  Northern  Outcrop, 

The  Central  Anticlinal  District, 

The  Western  or  Anthracite  District, 

Sottthem  Outcrop, 

Eastern  Ontcrop. — In  the  district  on  the  eastern  edge  of  the 
coal  basin,  the  ironstone  measures  hitherto  wrought  are  at  Blae- 
navon,  known  as  the  "  Soap  Vein  Mine,"  6  inches  thick,  and  in 

♦  Catalogue  of  the  Great  Exhibition  of  1861,  Vol.  I.,  p.  150. 
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descending  order,  the  "  Black  Pins,"  "  The  Three-quarter  Balls," 
the  **  Meadow  Vein  Mine,"  or  Pwl  Llaca,  and  two  others  of  less 
importance,  known  as  the  "  Spotted  Vein  Mine,"  and  the  "  Bottom 
Vein  Mine."  It  may  be  observed  that  these  measures  rarely 
exceed  5  or  6  inches  in  thickness,  and  that  they  are  richer  in 
metallic  iron  on  the  east,  and  become  less  so  on  the  west» 
although  the  measures  increase  in  thickness  in  that  direction. 

North-Sastem  Outcrop. — ^In  this  district  a  great  development 
of  the  ironstone  measures  appears ;  at  Coalbrook  Vale  occurs 
the  "  Soap  Vein  Mine,"  a  measure  of  four  courses,  equal  to 
7  inches,  and  yielding  an  average  of  about  2,000  tons  of  ironstone 
per  acre.  Below  occurs  a  vein  of  black  band  very  locally  distri- 
buted and  not  generally  worked.  The  "  Soap  Vein  "  coal,  a  seam 
of  15  inches,  inteiTenes  between  the  "  Black  Band  "  seam  and  the 
**  Black  Pins  "  ironstone.  This  measure  consists  of  ten  irregular 
courses  of  nodules  in  about  15  feet  of  ground,  and  yields  of  iron- 
stone about  4,600  tons  per  acre.  Next  in  descending  order  occurs 
the  "  Elled  Coal,"  8  feet  4  inches  tliick,  and  the  "  Big  Vein 
Coal,"  5  feet  6  inches  thick.  The  next  measure,  the  **  Three- 
quarter  Balls,"  consisting  of  three  courses,  two  of  which  are 
irregular,  yield  an  average  of  about  1,200  tons  per  acre,  the 
measure  reposing  on  the  "  Three-quarter  Coal,"  with  which  it  is 
worked.     The  coal  seams  below  are  as  follows ;  the 

Ft.  In. 

Bwdellog  Coal 2  10 

Engi7ie  Vein  Coal 3     2 

Yard  Coal 3    8 

Below  is  the  "Old  Coal,  6  feet  6  inches  thick,  with  which  it  is 
worked,  a  measure  of  black  band  of  good  quality  but  limited  in 
area,  and  regarded  as  an  important  measure  in  the  neighboiu*- 
hood  of  Beaufort  and  Nanty-Glo. 

The  succeeding  measures  in  the  district  before  the  bottom 
coal  is  reached  are  the  "  Spotted  Pins,"  at  Coalbrook  Vale,  con- 
sisting of  two  courses  of  4^  inches  in  4  feet  of  ground,  yielding 
about  1,200  tons  per  acre.  The  "  Little  Pins,"  Nanty-Glo,  of 
two  courses,  equal  to  5  inches  in  8  feet  of  ground,  and  yielding 
about  1,400  tons.  The  ''Bed  Vein,"  at  Coalbrook  Vale,  of 
three  courses,  equal  to  6^  inches,  and  yielding  1,800  tons  per 
acre.  The  lowest  measure  in  this  section,  at  Nanty-Glo,  known 
as  the  *'  Big  Vein,"  and  worked  with  the  Bottom  Coal,  consisting 
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of  two  courses,  equal  to  6  inches,  and  yielding  per  acre  about 
1,700  tons. 

The  beds  of  coal  in  this  division  of  the  coal-field  are  all  bitu- 
minous, while  those  of  the  ironstones  are  principally  argillaceous ; 
but  some  important  beds  of  black  band,  or  carbonaceous  ironstone, 
are  also  worked. 

Northern  Ontcrop. — ^A  well  defined  section  of  the  measures  at 
Dowlais,  from  the  "  Gwrid  Mine,*'  at  tlie  top  of  the  series,  to 
the  "  Bottom  Eosser  Mine,'*  exhibits  a  thickness  of  about  320 
yards.  It  is  remarked  by  Sir.  Blackwell  in  this  section,  that  in 
the  last  100  yards  there  are  five  workable  beds  of  coal,  varying 
from  2  feet  to  9  feet  thick,  and  62  distinct  courses  of  ironstone, 
varying  from  1  to  5  inches  thick,  many  of  which,  hovever,  are 
not  necessarily  worked.  The  measures  of  coal  and  ironstone 
succeed,  each  in  descending  order,  as  follows : — 

SuccEssioif  OF  Strata. 
Qwrid  Mine. 
Soap  Vein. — Three  courses,  equal  to  6  inches  and  worked  with  Soap 

Vein  Coal. 
Upper  Black  Fins, — Three  courses,  equal  to  4  inches. 
Lowei'  Black  Fins, — One  course,  equal  to  3  inches. 

Yard  Coal,  3  ft.  6  in. 
Upper  Four-foot  Coal,  3  feet, 
Dowlais  Big  Coal,  8  feet. 
Black  Fin  Soap  Vein. — Five  courses,  equal  to  11  inches,  about  seventeen 

yards  beneath  Big  CoaL 
Eas  Las  Coal,  7  ft.  9  in. 
Brass  Vein  Mine, — Two  courses,  3J  inches,  lying  immediately  on  Brass 

Vein  Coal. 
Brass  Vein  Coal,  2  feet. 
Little  Fins, — Eight  courses,  equal  to  16  inches. 

Three  Coals,  3  feet. 
Little  Vein, — One  course,  equal  to  5  inches  lying  over  Little  Vein  Coal. 

Little  Vein  Coal,  3  feet. 
Big  Blue  Vein, — Three  courses,  equal  to  8J  inches,  lying  4  feet  above 

Lower  Four-foot  Coal,  9  ft.  3  in. 
Spotted  Vein, — ^Three  courses,  equal  to  13  inches,  in  8  feet  of  ground, 

and  lying  about  5  yards  below  Lower  Four-foot  Coal. 
Bed  Vein, — Four  courses,  equal  to  11^  inches,  in  8  feet  of  ground,  and 

about  five  yards  underneath  "  Spotted  Vein." 
Little  Blue  Vein, — Six  courses,  equal  to  14  inches,  in  about  12  feet  of 

ground. 
Jenkin  Fins, — Eight  courses,  equal  to  12  inches,  in  about  10  feet  of 

ground. 
Lumpy  Vein, — Three  courses,  equal  to  6^  inches,  in  about  6  feet  of 

CTOund,  and  worked  with  Lumpy  Vein  Coal,  1  ft.  3  in. 
Top  nosser  Mine. — One  course,  equal  to  5  inches. 

Bottom  Kosser  Mine, — Three  courses,  equal  to  8  inches,  in  about  5  feet 
of  ground. 
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In  the  district  of  the  above  section  are  established  the  im- 
portant ironworks  of  Dowlais,  Cyfarthfa,  Aberdare,  Rhymney, 
Gadlys,  and  others. 

Central  Anticlinal  District. — In  the  neighbourhood  of  Llynvi 
and  Cwm  Avon  occur  two  important  seams  of  black  band,  the 
upper  consisting  of  one  course,  equal  to  20  inches,  and  worked 
also  at  Maesteg;  while  the  lower  black  band  consists  of  one 
course  of  12  inches.  These  beds  are  about  22  yards  apart,  and 
for  extent  of  area  and  general  quality  are  the  most  important 
black  bands  in  the  South  Wales  coal-field.  At  Cwm  Avon  the 
black  band  averages  7  inches,  while  at  Oakwood,  the  same  measure 
attains  a  thickness  of  22  inches.  The  coal  and  mine  vein  at  the 
bottom  of  the  Llynvi  section  has  a  thickness  of  27  inches,  and 
between  it  and  the  upper  black  band  intervene  some  13  seams  of 
coal,  varying  from  16  inches  to  7  feet,  besides  numerous  measures 
of  ironstone ;  some  of  the  measures  at  the  outcrop  being  dug  in 
patches  or  open  works. 

In  the  Cwm  Avon  series  the  total  thickness  of  the  section  from 
the  Wemddu  Seam  to  the  Lower  Four-foot  Seam  is  about  800 
yards,  in  which  occur  19  seams  of  coal,  varying  from  14  inches 
to  9  feet,  and  10  distinct  courses  of  ironstone. 

Western  or  Anthracite  District.  —  The  following  section 
presents  clearly  the  order  of  occurrence  and  the  thickness  of 
the  more  important  ironstone  measures  in  the  Ystalyfera  and 
the  Ywiscedwin  districts,  where  the  beds  of  coal  are  exclusively 
anthracitic : — 

SXTOCESSION  OF  STRATA. 

Ft.  In. 
Blackhandf  Tstalyfera. — ^Fourteen  inches  thick,  very  local; 

yields  about  2,750  tons  per  acre. 
Black  Pins,  Ystalyfera, — ^Two  courses,  equal  to  8  inches; 

yields  about  2,400  tons  per  acre. 
Soa^p  Vein  J  Ystalyfera, — Thiee  courses,  equal  to  10  inches; 
yields  about  2,750  tons  per  acre. 
Soft  Vein  Coal. 
Penny 'Pieces  J    Ystalyfera, — Three    courses,    with    scattered 
balls ;  yields  about  3,600  tons  per  acre. 

Penturin  Coal 3    0 

White  Pins,  F«ta?Wcra.— Sometimes  called  Coedfalda  Mine; 
four  courses,  about  16  inches,  in  14  feet  of  groimd ;  yields 
about  4,800  tons  per  acre. 

White  Vein  Coal 16 

Black  Vein  Mine,  Ystalyfera. — Two  courses,  equal  to  8  inches ; 
yields  about  2,400  tons  per  acre. 

Black  Vein  Coal 4    0 
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SucxJESSiON  OF  Strata  {cmiinued). 

Ft  In. 
LitUe  Vein  Mine^  Tstalyfera. — Ten  courses,  in  18  feet  of  ground, 
got  with  Little  vein  Coal;  yields  7,400  tons  per  acre. 
This  is  the  most  important  measure  of  ironstone  in  this 
district. 

Little  Vein  Coal 3    0 

BilletSy  Ystalyfera, 

Harnlo  Miney  Ystalyfera, — ^Two  courses. 

HamloCoal         .        .        .        .        .        ...    2    0 

Big  Veiriy  YiAalyfera, — Two  courses,  equal  to  6  inches ;  yielding 
1,800  tons  per  acre,  when  worked  by  level ;  if  worked  in 
patches  16  feet  of  ground,  all  interspersed  with  stone. 

Big  Vein  Coal 5    6 

Black  Vein  Coal 2    0 

Brass  Vein,  Ystalyfera, — Five  courses,  in  13  feet  of  ground  \ 
yielding  3,500  tons  per  acre. 

Brass  Vein  Coal 4    0 

Three-Coal  Vein 3    0 

Bryalley  Vein  Coal 3    0 

Little  Brass  Mine,  Yniscedwyn. 

Little  Brass  Vein 2    0 

Middle  Vein  Coal 2    6 

Ctom  Fit  Mine,  Fnitfcec^u^vn.— Three  courses. 

Lower  Vein  Coal 3    0 

Little  Blue  Vein,  Yniscedwyn. 
Big  Blue  Vein  ,, 

Gfiappog  Mine  ,, 

Pin  Mavjr  Mine  ,, 

In  reference  to  the  measures  of  the  above  series  Mr.  Blackwell 
remarjks,  tliat  they  bear  the  appearance  of  ha'vdng  been  subjected 
to  an  extremely  high  temperature  ;  which  has  been,  in  all  proba- 
bility, the  cause  of  the  conversion  of  it&beds  of  coal  into  anthracite. 

Sonthem  Outcrop. — A  remarkable  series  of  coal  and  ironstone 
measures  are  developed  in  this  area  of  the  coal-field;  the  following 
exhibit  their  order  and  thickness  : — 

Section  of  Strata.  thickness. 

Ft.  In. 

EockVein 4  0 

Double  Vein 4  0 

Little  Vein 3  0 

Bride^  Vein 16 

LaDthem  Vein , 5  0 

Small  Bodur  Coal 5  0 

Great  Bodur  Vein 8  0 

Sooty  Vein 5  6 

North  Vawr  Vein 12  0 

South  Vawr  Vein 4  4 

Second  Vawr  Vein 3  0 

Third  Vawr  Vein 5  6 

SlattogVein 2  0 

Six-feet  Vein 6  0 
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Section  of  Strata  (continued),  thickkkss. 

Ft  In. 

Nine-feet  BalU^  Cefn  Cwse, — Four  courses,  equal  to  9  inches. 

South  Nine-foot  Coal 9    0 

Nine-feet  BcdUy  Cefn  Cwee. — Seven  courses,  equal  to  17  inches. 

Fiery  Vein  Ctoal 4    0 

Fiery  Vein  IronsUme,  Cefn  Cwse. — Six  courses,  equal  to  14  inches. 

Five  Quarter  Vein 4    6 

Great  Qribbur  Vein 6    0 

Next  follows  an  interesting  section  of  ironstone  measures  at 

Cefti  Cwse,  18  in  number,  before  the  Small  Gribbur  coal  is 

reached : — 

Oribhur  Balls, — ^Two  courses,  equal  to  6  inches. 

Upper  Spotted  Vein, — ^Two  courses,  equal  to  4  inches. 

Spotted  Balls. — ^Two  courses,  equal  to  4  inches. 

Middle  Spotted  Vein, — Two  courses,  equal  to  8}  inches. 

Lower  Spotted  Vein, — ^Two  courses,  equal  to  4^  inches. 

Variegated  Pin,— Two  courses,  equal  to  5^  incnes. 

Ydlow  Vein  and  Balls, — Two  courses,  equal  to  8  inches. 

Upper  Bed  Vein, — ^Two  courses,  equal  to  3  inches. 

Upper  Bed  Vein  Balls, — ^Two  courses,  equal  to  6  inches. 

Lowest  Bid  Vein, — Two  courses,  equal  to  4  inches. 

Pin  Bhyhwr  Balls, — One  course,  equal  to  3  inches. 

Blade  Balls. — Two  courses,  equal  to  3  inches.  * 

Double  BaUs.— Two  courses,  equal  to  6  inches. 

Black  Pins, — One  course,  equal  to  3  inches. 

Upper  Blue  Vein. — One  course,  equal  to  4  inches. 

Blue  Vein  Balls, — Two  courses,  equal  to  4  inches. 

Lower  Blue  Veins, — Two  courses,  equal  to  3  inches. 

Lumpy  jBa^/tf.— One  course,  equal  to  5  inches. 

Pin  Ctaru  Balls, — Two  courses,  equal  to  8  inches. 

Small  Ghibbur  Coal 2    9 

Analyses  of  the  xA>n8tone. — The  argillaceous  ores  of  South 
Wales,  like  those  of  other  coal-fields  in  the  kingdom,  are  well 
represented  in  Mr.  Samuel  Blackwell's  collection  of  iron  ores 
previously  referred  to.  Analyses  of  a  large  number  of  these 
have  been  made,  and  the  results  published  in  the  '^  Memoirs  of 
the  Geological  Survey,"  under  the  title  of  "  The  Iron  Ores  of 
Great  Britain."  From  these  analyses  the  following  selection  has 
been  made,  and  will  illustrate  the  composition  and  character  of 
some  of  the  important  measures  referred  to  in  the  several  districts 
of  the  coal-field.  These  analyses,  it  should  be  stated,  were  made 
in  the  laboratory  of  the  Boyal  School  of  Mines,  under  the  care 
of  Dr.  Percy, 

The  ironstones  on  the  eastern  outcrop,  at  Blaenavon,  known 
as  the  "  Black  Pins,"  '*  Three-Quarter  Balls,"  and  "  Spotted 
Vein  Mine,"  exhibit  the  following  constituents,  as  determined  by 
Mr.  A.  Dick  : — 
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Gee  Dbied  at  100''  C. 


Constitaents. 

Black  Pins. 

Three-quarter 
Balls. 

Spotted  Vein 
Mine. 

Protoxide  of  iron 

41-22 

36-10 

45-22 

Protoxide  of  manganese      .     . 

1-07 

0-76 

1-05 

Alumina 

0-59 

0-48 

0-58 

Lime 

2-89 

1-07 

1-63 

Maffnesia 

Carbonic  acid       .                 .     . 

3-38 

4-62 

3-04 

30-07 

27-33 

31-58 

Phosphoric  acid 

0-76 

0-18 

0-38 

Sulphuric  acid     .        .         .     . 

trace 

trace 

trace 

Bisulphide  of  iron     . 

015 

0-11 

0-71 

Water 

1-21 

1-06 

0-66 

Organic  matter 

0-82 

0-79 

0-64 

Insoluble  residue         .        .    . 
Total    .... 

17-27 

27-58 

14-50 

99-43 

99-98 

99-99 

Insoli 

7BLE  BKSIDUE 

. 

Silica 

11-60 

19-90 

9-46 

Alumina 

4-29 

6-09 

4-20 

Peroxidb  of  iron 

0-45 

0-60 

•  •  • 

Lime 

•  •  • 

0-35 

•  •  • 

Magnesia 

0-30 

•  •  • 

0-20 

Potash 

Total    .... 
Metallic  iron   .        .     . 

0-48 

0-71 

0-56 

17-12 

27-65 

14-42 

32-44 

28-55 

35-48 

It  is  further  remarked  that  a  minute  trace  of  copper  was 
detected  in  the  hydrochloric  acid  solution  of  900  grains  of  ore  of 
the  "  Black  Pins ;  "  while  minute  traces  of  copper  and  lead  were 
detected  in  similar  solutions  of  870  grains  of  the  **  Three-Quai-ter 
Balls,"  and  905  grains  of  ore  of  the  "  Spotted  Vein  Mine/'  * 
The  word  mine,  it  may  be  observed,  is  commonly  used  in  South 
Wales  for  ore. 

The  "  Black  Pin  Mine  '*  (Middle  Pin),  Pontypool,  examined  by 
Mr.  E.  Eiley,  is  thus  described :  "  Clay  ironstone,  easily  scratched 
by  a  steel  point ;  colour,  blackish  grey  ;  fracture,  subconchoidal ; 
surface  of  fracture,  rough.  A  very  thin  vein  of  carbonate  of 
lime  occurs  in  the  sample  analysed.*'  A  distinct  trace  of  copper 
was  detected  in  234  grains  of  the  ore.  The  residts  appear 
as  follows : — 


"  Iron  Ores  of  Great  Britain,"  Part  III.,  pp.  183, 185, 186. 
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BE8T7LT8  TaBXTLATED.*— OeE  DeIED  AT  100°  C. 

Protoxide  of  iron 26-98 

Protoxide  of  manganese 0*49 

Alumina 1*19 

Lime  .        * 3*11 

Magnesia 4*13 

Carbonic  acid 23*40 

Phosphoric  add 0*35 

Silica,  soluble  in  hydrochloric  acid                       .     .  0*50 

Bisulphide  of  iron 0*52 

Water  in  combination 0*78 

Organic  matter 0*82 

Insoluble  residue 36*51 

Total 98*78 


Insolttble  Residtte. 

SiHca 27*41 

Alumina 7*69 

Peroxide  of  iron 0*73 

Lime 0*22 

Magnesia 0*42 

Potash M8 

Soda 016 


Total         ....    37*81 


This  ore,  as  appears  from  the  above  results,  is  not  rich  in 
metallic  iron,  yielding  but  21*49  per  cent. ;  clay,  after  ignition, 
giving  26*16  per  cent. 

The  Black  Band  measures  of  Pontypool  and  Abercame, 
examined  by  Mr.  W.  EatclifFe  and  Mr.  A.  Dick,  the  former  giving 
the  following  description  of  the  Abercame  measure :  "  Colour, 
brownish  grey ;  compact ;  containing  thin  seams  of  coal  and  films 
of  pyrites  in  some  of  the  joints,"  show  the  annexed  results.  The 
Abercame  variety  giving  36*49  per  cent,  of  metallic  iron ;  the 
Pontypool,  24'90  per  cent. : — 

It  is  observed  of  the  Black  Band,  Pontypool,  that  the  combined 
water  could  not  be  determined  owing  to  the  large  amount  of  tarry 
matter  evolved  when  the  ore  was  heated  suflSciently  to  expel  the 
water  combined  with  the  clay.  Of  hygroscopic  water,  however, 
it  was  found  that  in  an  analysis  of  47*08  grains  of  this  ore,  the 
loss  of  water  at  100**  centigrade  amounted  to  0*29  grains. 

•  « Iron  Orea  of  Great  Britain,"  Part  IIL,  p.  191. 
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Constituents.* 

1     Black  Band, 
PontypooLt 

Black  Band, 
Abercarue. 

,  Protoxide  of  iron 

!         31-74 

43-37 

Sesquioxide  of  iron      .         .     . 

•  •* 

4-10 

Oxide  of  manganese 

•  tt  • 

l-oO 

Protoxide  of  manganese       .     . 

1-06 

•  ■  • 

Alumina 

7-75 

G-05 

1  Lime    .        .                .        .     . 

3-84 

3-00 

Magnesia 

3-51 

0-25 

;  Potash 

1-12 

0-32 

1  Carbonic  acid   .... 

25  03 

30-50 

!  Salphuric  acid 

ti-ace 

1-56 

Phosphoric  acid 

0-35 

traces 

Silica 

16-97 

2-80 

Bisnlphide  of  iron    . 

0-48 

•  •  • 

Hygroscopic  water               .     . 

•  •  • 

0-27 

Combined  water 

•  •  ■ 

0-31 

Organic  matter    .                 .     . 

8-50 

6-25 

Total    .... 

100-35 

100-28 

Traces  of  silver  and  copper  were  detected  in  600  grains  of  the 
Pontypool  Black  Band. 

ITorth-Eastem  Outcrop. — The  ironstones  of  this  district  are 
well  represented  in  the  measures  worked  at  the  Cwm  Celyn  and 
Blaina  Ironworks  in  Monmouthshire.  The  principal  ironstones, 
taken  in  ascending  order,  in  the  section,  are  as  follows : — Red 
Vein,  Spotted  Vein,  Black  Pins,  and  Soap  Vein.t  The  analyses 
were  made  as  far  back  as  the  year  1860  by  Dr.  Noad,  F.R.S.,  for 
Messrs.  LeVick  and  Simpson,  the  then  proprietors  of  the  above- 
named  ironworks. 

It  is  observed  in  reference  to  the  constituents  of  these  measures 
that  "Metallic  sulphides  are  very  unusual  in  the  ironstones  of 
this  eastern  extremity  of  the  coal-field,  remarkably  so  as  compared 
with  the  ironstones  of  central  England.*'  On  the  other  hand, 
these  measures  frequently  contain  quartz,  and,  more  rarely,  but 
yet  in  comparative  abundance,  Hatchettine  and  Millerite,  or  sul- 
phide of  nickel,  substances  not  observed  in  the  analogous  deposits 
of  our  midland  and  northern  coal-fields. 


*  Iron  Ores  of  Great  Britain,  Part  III.,  pp.  192-3. 

f  For  detailed  section  of  these  measures,  see  page  193  of  the  "  Iron  Ores  of 
Great  Britain  ; "  where  also  will  be  found  descriptive  notes  on  the  ironstones  of 
this  and  surrounding  districts  by  Mr.  W.  Smyth,  F.R,S. 
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Tabulated  ReiultB  of  Analysis. 

BED  TUN  ] 

mAAUBB. 

Bed  Vein. 

Black  Vein. 

"Jack  "in 
BUf  Vein. 

Qnj  Vein. 

SiHoa 

8-31 

4*600 

8130 

15*240 

Alamina,  insoluble  in   hydro-  ) 
ohloricacid        .        .        .     C 

3-13 

2-000 

2-220 

3-300 

Alumina  soluble  in  hydrochloric  ) 
acid        .        .        •        .        ) 

2-52 

3*600 

5-150 

2*700 

Carbonate  of  iron    .                .    . 

73-79 

80*220 

51120 

70*500 

Carbonate  of  lime 

2-95 

4*650 

19-800 

1-980 

Carbonate  of  magnesia    .        .     . 

3*80 

2-910 

11 '880 

3-000 

Protoxide  of  manganese 

0-92 

1*020 

• 

• 

Phosphoric  add      .                .    . 
Sulphuric  acid     .        .        .        . 

0-53 

0-427 

• 

0*217 

traces 

trace 

• 

trace 

Bisulphide  of  iron  .        ... 
Potash 

0-17 

0123 

• 

0*119 

0-48 

• 

• 

• 

Organic  matter  and  water      .    . 
Metallic  iron 

2-36 

• 

• 

• 

98*96 

99*550 

98-300 

97-956 

24-00 

30*700 

30-40 

28-00 

35*625 

38*75 

24-65 

34-00 

Tabulated  BeralU  of  Analysis. 

SOAP  VBXX  KSASITBaS. 

Blank  Pin. 

Bed  Pin. 

Tellow  Pin. 

Top  Soap 
Vein. 

Bottom 
Soap  Vein. 

Silica     .... 

12-000 

15-400 

25-200 

20-000 

9*540 

Alumina  insoluble   in ) 
hydrochloric  acid . 

4-000 

5-000 

8-200 

5000 

4*460 

Alumina     soluble     in ) 

hydrochloric  acid      ) 

Carbonate  of  iron      .    . 

1*150 

3*520 

8-200 

2-850 

2-500 

71*700 

57-990 

48-300 

59-610 

77-340 

Carbonate  of  lime  . 

2-640 

3-450 

1*200 

4-500 

•  •  • 

Carbonate  of  magnesia  . 

4*230 

8-580 

6-000 

4-800 

0-900 

Protoxide  of  manganese 

1-420 

0*640 

0-327 

•  •  • 

0-530 

Phosphoric  acid     . 
Sulphuric  acid  .        .    . 

0-482 

0*750 

0*214 

0-424 

0-576 

trace 

trace 

trace 

trace 

trace 

Bisulphide  of  iron  . 
Potasn      •        ... 

trace 

0*241 

0124 

0-246 

0-192 

0-489 

0*450 

0-389 

0-444 

0-530 

Organiomatter  and  water 

Loss  by  roasting    . 
Metallic  iron             .    . 

1-645 

2*340 

1-320 

1-442 

2-240 

99-756 

98*361 

99-474 

99-316 

98-808 

2800 

26-80 

22-70 

25-20 

29-90 

34*60 

28-00 

23-30 

28-75 

37-30 

Q  g 
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The  following  ironstones  worked  in  the  Blaenaron  district,  and 
employed  at  the  Blaenavon  Ironworks,*  by  Messrs.  Thomas, 
exhibit  the  annexed  results.     They  are  thus  described : — 

1.  Black  Pins. — A  nodular  form  of  clay  ironstone,  having 
cracks  of  contraction  partly  filled  with  a  white  crystalline  sub- 
stance, composed  of  the  carbonates  of  iron,  lime  and  magnesia. 

2.  Pwl  Llaca. — A  clay  ironstone,  brownish  grey  in  colour,  and 
homogeneous.     The  seam  measures  2|-  inches  barely. 

8.  Bottom  Vein, — A  clay  ironstone,  light  brownish  grey  in 
colour,  homogeneous.     The  seam  measures  8  inches. 

4.  Ball  Mine. — Brownish  grey  clay  ironstone,  containing  a  few 
very  thin  seams  of  limespar. 

5.  Grey  Vein. — A  clay  ironstone,  brownish  grey  in  colour,  with 
very  rough  surface  of  fracture.     The  seam  measures  2  inches. 


Constituentfl. 

Black 
Pins. 

Pwl 
Llaca. 

Bottom 
Vftiii. 

Ball 
Mine. 

Grey 

V«in. 

Protoxide  of  iron   . 

47-02 

47-60 

42-04 

51-28 

39-80 

Oxide  of  manganese  .    . 

1-00 

0-46 

0-87 

1-11 

1-17 

Lime      .... 

2-57 

0-77 

1-03 

0-78 

2-41 

Mamesia  .^      .        .     . 
CarDonic  acid 

3-23 

2-30 

2-51 

0-53 

3-30 

34-30 

32-90 

29-52 

33-32 

30-04 

Phosphorio  acid         .     . 
Bisulphide  of  iron  . 

0-92 

0-71 

0-90 

0-74 

1-02 

0-25 

008 

0-06 

006 

0-05 

Water  hygrosoopio    .    . 

0-34 

0-32 

0-36 

0-18 

0-54 

Water  in  combination    . 

1-58 

1-28 

2-00 

1-67 

2-12 

Organic  matter .        .    . 

0-40 

0-30 

0-30 

0-35 

0-45 

Clay  ignited  . 

Metallic  iron. 

8-63 

13-60 

20-87 

10-33 

19-40 

100-24 

100-32 

100-46 

100-35 

100-30 

36-77 

37-32 

33-20 

40-12 

31-45 

The  Nortlieni  Ontorop. — A  series  of  the  ironstones  raised 
and  smelted  at  the  extensive  ironworks  at  Dowlais,t  Merthyr 
Tydfil,  was  analysed  for  the  proprietors  by  Mr.  Edward  Eiley, 
who  has  determined  the  constituents  of  the  following  measures : — 

The  Dotclais  Rosser  Vein  Mine. — This  ironstone  is  above  the 
Lower  Rosser  Vein,  and  occurs  in  balls,  with  a  very  stony 
appearance  and  fracture.   The  sample  was  taken  as  an  average : — 

*  See  return  to  House  of  Commons,  "  Cast  Iron  Experiments,"  report  made  to 
War  Office,  29th  July,  1858,  p.  148. 
t  See  for  detailed  section  the  ''Iron  Ores  of  Great  Britain,"  p.  200. 
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SoLTJBLE  IN  Acids. 

QIIAIHF. 

Silica 0-27 

Protoxide  of  iron 41-03 

Alumina 023 

Protoxide  of  manganese 0*55 

Lime 2-83 

Magnesia 3*11 

Carbonic  acid 28*49 

Moisture      .        .        . 0'67 

Combined  water 1*36 

Phosphoric  add 0*70 

Organic  matter 0*07 

Insoluble  in  Acibs. 

Silica 13*08 

Alumina 5*56 

Peroxide  of  iron 0*41 

Lime 0*17 

Magnesia 0*25 

Potash 0*86 

Total 99*54 

Metallic  iron 32*18 

Tlie  Dowlais  Spotted  Vein  Mine. — This  measure  consists  of 

three  bands  of  ironstone,  but  that  to  which  the  analysis  refers  is 

only  the  lower  band,  consisting  of  large  balls  or  roundish  nodules, 

termed  *'  riders/'  which  sometimes  amount  to  10  or  12  inches 

in  thickness.     They  are  often  very  cavernous,  and  exhibit  in 

abundance  crystals  of  quartz,  carbonate  of  iron,  and  millerite,  or 

sulphide  of  nickel.     The  yield  of  metallic  iron  of  this  measure 

is,  in  the  calcined  state,  58*6  per  cent.    Its  constituents  are  as 

follows : — 

Besttlts  Tabxtlated. 

Silica 8.38 

Alumina      .        .  ' 5*79 

Peroxide  of  iron 76*61 

Bed  oxide  of  manganese 1*21 

Lime 3*13 

Magnesia 3*96 

Phosphoric  acid       . 0*57 

Potash 0*87 

Sulphur 0*06 

Total 100*58 

Another  measure,  the  "  Gwr  Hyd  Mine,"  is  of  considerable 

value,  the  top  vein  of  which  is  argillaceous,  described  as  a  "  hard 

stone  of  a  brownish  hue  and  with  granular  fracture.     The  bottom 

vein  of  this  Gwr  Hj'd  Mine  is  a  black  band  ironstone  containing 

sufficient  carbonaceous  matter  to  elSect  its  calcination  without  the 

Q  Q  2 
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aid  of  additional  fiiel.  The  top  and  bottom  veins  of  the  Gwr 
Hjd  Mine  yield  as  follows  : — ^the  first  named  giving  of  metallic 
iron  80*83  per  cent.,  increased  in  the  bottom  or  black  band  vein, 
to  87*80  per  cent. 

Central  Antiolmal  District. — The  ironstones  of  this  district 
are  illustrated  by  analysis  of  the  Sulphury  Mine,  Cwm  Avon. 
This  measure  occurs  between  the  Finery  and  the  Sulphury  seams 
of  coaly  and  enjoys  a  high  repute  as  a  good  ore.  It  consists  of 
three  courses  averaging  about  7  inches  in  thickness  together. 
The  top  vein  is  a  rough  granular  stone,  of  blackish  grey  tint, 
showing,  on  fracture,  vertical  lines  of  carbonate  of  lime  and  iron. 
The  middle  is  very  similar,  showing  also  occasional  crystals  of 
blackish  quartz  in  the  cavities.  The  bottom  vein  is  more  compact, 
and  breaks  with  irregularly  angular  fracture. 

Hbtukets  Tabttlated.— Obe  Dbied  at  100°  C. 

Ftotoxide  of  iron 40*30 

Protoxide  of  manganese 1'03 

ATnTTiina 1*43 

lame 1*44 

Magnesia 2*77 

Oarbonic  acid 28*23 

Phosphoric  »cid 0*88 

Sulpnuric  acid trace 

Bisulphide  of  iron 0*09 

Water 0*74 

Organic  matter        .......  0-29 

In^luble  residue 22-48 

Total         ....    99-68 

Insoltjble  Besidttz. 

Silica 14*43 

Alumina 6*47 

Peroxide  of  iron 0-34 

Magnesia .        .  0*17 

Potash •        .     .  0-82 

Total 2223 

The  metallic  iron  amounted  to  31'63  per  cent.,  and  a  trace  of 
copper  was  detected  in  800  grains  of  the  ore. 

The  above  analysis,  and  the  following,  in  the  Western  district, 
were  made  by  Mr.  A.  Dick,  who  describes  the  "  White  Pins,*' 
Ystalyfera,  sometimes  called  the  Coedfalda  Mine,  as  foUows  : — 
'^  This  measure  consists  of  balls  and  pins,  or  roundish  nodules  and 
flat  courses ;  although  called  white  they  are  generally  of  a  dark 
grey  colour,  and  have  frequent  cracks,  filled  wiiii  carbonate  of  lime 
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and  iron,  which  in  the  iron  fracture  give  a  vertical  lenticular 

section : — 

Results  Tabttlated.— Ows  Dmbd  at  100°  C. 

Protoxide  of  iron 29*34 

Protoxide  of  manganese 0*73 

Alumina 0*96 

Lime 0*84 

Magnesia 5*63 

CaiTK>nic  acid 24*56 

Phosphoric  add 0*14 

Sulphuric  acid trace 

Bisulphide  of  iron 0*08 

Water 1*00 

Organic  matter 0*33 

Insoluble  residue 35*73 

Total         ....    99*34 

Insolttble  Residue. 

Silica 24*98 

Alumina 9*75 

Peroxide  of  iron 0*53 

Magnesia 0*20 

Potash 1*00 

Total 36*46 

The  metallic  iron  in  this  ore  is  equivalent  to  28*22  per  cent. ; 
a  trace  of  lead  being  detected  in  910  grains  of  the  ore. 

Another  clay  ironstone  of  the  Ystalyfera  district,  known  as 
the  "  Cheese  Mine,"  published  in  the  "  Returns  of  Cast-iron 
Experiments  "  previously  referred  to,  is  thus  described  :  "  The 
sample  from  which  an  average  was  selected  for  analysis,  consisted 
of  a  nodule  of  clay  ironstone,  dark  grey  in  colour,  and  intersected 
by  numerous  veins  of  calcareous  iron  spar,  in  which  a  few  ciystals 
of  quartz  were  discovered." 

Results  Tabulated. 

Peroxide  of  iron 42*72 

Oxide  of  manganese 0*46 

Lime 4*66 

Magnesia 5*73 

Carbonic  acid 35*70 

Phosphoric  acid 0*40 

Bisulphide  of  iron  )  ^^^ 

SiUca,  as  quartz     J ^^^^^^^ 

Water  hygroscopic 0*26 

Water  in  combination 1*54 

Organic  matter 0*30 

Clay  ignited 8*23 

Total 100*00 


598 


COAL  AND   IRON  INDUSTRIES. 


[part  II. 


The  metallic  iron  contained  in  the  above  was  equivalent  to 
83'45  per  cent. 

The  annexed  summary  exhibits,  at  a  glance,  the  amount  of 
metallic  iron  contained  in  those  measures  of  the  South  Wales 
coal-field  contained  in  the  foregoing  analyses,  and  others : — 


Ironstones. 

Analyst. 

Metallic  Iron. 

MonmouthsJiire — 

Spotted  Veins,  Blaenayon 

A.  Dick    . 

35-48 

Three-quarter  Balls,     ,,     . 

•         • 

>» 

2S'do 

Black  Pin,                    ,, 

»i         • 

32-44 

Spotted  Vein  Balls,  PontyjKwl  . 
Meadow  Vein,                  ,, 

E.  Eiley 

•         • 

34-96 

A.  Dick    . 

26-01 

Three  Cakes,                    ,, 

»i 

>         • 

20-95 

Black  Pin,                        ,, 

E.  Eiley  . 

21-49 

Black  Band,                      ,, 

A.  Dick 

24-90 

„          Abercame  . 

W.  Eatcliffe 

36-49 

Bed  Vein,  Cwm  Celyn 

Dr.  Noad 

»         • 

35-62 

Black  Vein,        ,, 

•  >                " 

38-75 

**  Jack  "  in  Red  Vein,  Cwm  Celyn 

24-65 

Grey  Vein,                             „ 

•  •                « 

34-00 

Black  Pin,                               ,,  . 

34-60 

Red  Pin, 

•  tt                • 

28-00 

Yellow  Pin,                            „    . 

23-30 

Top  Soap  Vein,                      ,, 

tt  f                * 

28-75 

Bottom  Soap  Vein,                ,,    . 

37-30 

aiamorgamhire— 

RoBser  Vein,  Dowlais  . 

E.  "Riley  . 

3218 

Spotted  Vein,           ,, 
Welsh  Little  Vein,  ,,      . 

53-60* 

9  f                      *                      * 

30-43 

Welsh  Lumpy,        ,, 
G^  Hyd  Mine,      „      . 

34-72 

9  9                      ■                       • 

30-33 

Black  Band,             ,, 

37-80 

Sulphury  Mine,  Cwm  Avon  . 

A.  Dick    . 

31-63 

White  Pms,  Ystalyfera     . 

23-22 

Cheese  Mine,        ,,         .        .        . 

F.  A.  Abel  *     ! 

33-45 

Black  Band  Lower,  Llynvif 

•  •  • 

3608 

Black  Band  Lower,       ,, 

•  •  • 

36-80 

Black  Band  Upper,       ,, 

•  •  ■ 

31-36 

Pembrokeshire — 

Catshole,  Saundersfoot  . 

VV.  Eatcliffe     . 

26-39 

Kilvelgy,          „                 ... 

II 

29-15 

Production  of  Ironstone. — There  does  not  appear  to  exist  any 
reUahle  information  before  the  year  1857.  Occasional  returns  for 
a  few  districts  are  met  with,  but  they  fail  to  represent  anjiihing 
like  the  yield  of  the  ironstone  measures  of  South  Wales.    For 


*  In  calcined  stone. 

t  Used  extensiyely  for  making  iron  in  the  Llynvi  and  Maeeteg  districts. 


«» 

>» 
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1867,  however,  there  appears  a  return  amounting  to  1,018,941 
tons  of  argillaceous  ironstone,  and  a  further  quantity  of  24,800 
tons  of  brown  hematite,  also  raised  in  the  South  Wales  area 
&om  the  carboniferous  limestone  and  Permian  series,  to  which 
attention  will  be  called  further  on.  The  production  of  1857 
appears  in  the  annexed  details : — 

OOUffTT.  DI8IKICT.  QUANTITT.         QUAKTITT. 

Tons.  Tons. 

Monmouth,  Abersychan 43,098 

,,          BlaenaTon 80,111 

,,  Blaina  ) 

,,          Coalbrook  Yale  V    ....  73,207 

,,  Owm  Gelyn       ) 

EbbwVale 37,567 

Pontypool 41,200 

Sirbowey 65,886 

Tredegar 86,182 

Yarteg  and  Golynos .        .        .     .  56,133 

YartegHill 60 

„          Victoria 15,852 

Total  of  Monmouth         .        .     499,296 

Brecknock,  Beaofort 74,600 

„         Clydaoh 34,000 

Total  of  Brecknock  .    .     108,600 

Glamorgan,  Aberamman 32,812 

Dowlais 145,036 

Gadly's 17,468 

Llynvi 49,481 

Maesteg 65,000 

Penydarren 80,617 

„            Tondu 15,631 

Total  of  Glamorgan    .        .    .     406,045 

Total  of  South  Wales       .        .    .    1,013,941 

Again,  for  the  year  1858,  the  production  was  752,281  tons,  of 
which  24,685  tons  were  brown  hematite,  raised  at  Llantrissant, 
Mwyndy  and  Wenvoe.  Regarding  the  value  of  these  and  other 
iron  ores  employed  in  the  ironworks  on  the  eastern  edge  of  the 
coal  basin  in  Monmouthshire  at  that  time,  the  following  were  the 
prices  of  the  several  varieties  delivered  at  Newport,  per  ton : — 

OOUHTT.  IBON  OBE.  f.      d. 

Devonshire,     Brizham 13  0 

„  Prawle 13  0 

Somersetshire,  Honeymead     .        .        .        .        .  .  10  0 

„  AfihtonYale 10  0 

South  Wales,  ArgillaoeouB 11  0 

,,  LlantriBsant  (Brown  Hematite)  .        .        .    .  15  0 


>> 
It 
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The  charge  of  conveyance  from  Newport  to  the  ironworks 
varying  from  28,  Qd.  to  2«.  6i«  per  ton.  It  need  scarcely  be  said 
that  the  irbnstone  obtained  annually  in  South  Wales  is  totally  in- 
adequate to  the  requirements  of  the  blast  furnaces ;  on  the  other 
handy  the  abundance  of  fuel  enables  the  ironmaster  to  increase 
his  supplies  by  importing  rich  and  valuable  ores  from  the  hematite 
districts  of  Cumberland,  Lancashire,  the  Midland  and  South- 
western districts  of  England,  bearing  a  high  rate  of  carriage, 
and  he  is  further  in  a  position  to  supply  his  wants  by  the  favour- 
able geographical  situation  of  the  district,  which  enables  him  to 
import  ores  from  Spain  and  other  foreign  countries. 

Since  1859  the  production  of  clay  ironstone  in  South  Wales 
has  been  as  follows  : — There  is  every  reason  to  believe,  however, 
that  these  figures  fall  short  of  the  actual  quantities  raised ;  this 
conclusion  is  arrived  at  by  a  comparison  of  the  annual  yield  of 
the  blast  furnaces,  for  which  reliable  data  exist  in  the  quantities 
of  the  ores  employed  and  their  yield  of  metallic  iron : — 


Year. 

QuAntities. 

Year. 

Quantities. 

Tons. 

Tons. 

1859 

649,758 

1870 

560,005 

1860 

630,705 

1871 

969,714 

1861 

545,705 

1872 

1,247,594 

1862 

472,053 

1873 

943,926 

1863 

420,017 

1874 

661,616 

1864 

468,355 

1875 

•495,840 

1865 

387,742 

1876 

476,285 

1866 

368,692 

1877 

367,316 

1867 

501,186 

1878 

318,399 

1868 

712,680 

1879 

299,000 

1869 

715,001 

1880 

278,361 

The  value  of  these  ores  in  1872  averaged  12s.  per  ton ;  while 
during  the  year  1878  the  price  did  not  exceed  10«.  per  ton.  The 
production  of  ironstone  in  South  Wales  in  the  year  1880 
amounted  to  278,861  tons,  of  the  value  of  £139,180,  or  10«. 
per  ton. 

Iron  Ore  Deposits  of  the  Carboniferons  Umestone. — ^At 
Whitchurch,  near  CardiflF,  in  Glamorganshire,  and  at  Pentyrch, 
at  tlie  mouth  of  the  Taff  Valley,  deposits  of  brown  hematite  occur 
at  the  base  of  the  carboniferous  limestone,  in  nearly  vertical 

*  In  the  aboYO  retam  till  1875  are  included  the  hematite  ores  raised  in  Wales, 
after  1875  the  quantities  above  include  clay  iron  ores  only. 
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fissures  in  the  limestone^  with  an  underlay  of  from  8  to  7  degrees 
south.  The  ore  wrought  at  Pentyrch  has  been  extensively 
employed  in  the  works  of  the  same  name^  in  the  manufacture 
of  sheet  iron  and  tin  plates,  and  has  long  enjoyed  the  reputation 
of  being  amongst  the  best  brands  in  the  kingdom. 

Again,  in  the  lower  bed  of  the  Permian  series,  brown  hematite 
ore  exists.  These  deposits  occur  locally  in  hollows  or  basins ; 
these  basins  at  Mwyndy,  near  Llantrissant,  assume  wedge- 
like shapes  at  the  outcrop,  the  ore  occmTing  in  hollows  in 
the  upturned  edges  of  the  underlying  rocks.  Similar  ore  is  also 
wrought  at  the  Bute  Mine,  near  the  same  place.  Another  deposit 
exists  west  of  Llantrissant,  at  Quay-Coch,  two  miles  north  of 
Porth  Cawl,  where  it  lies  over  the  carboniferous  limestone,  having 
a  thickness  of  five  feet. 

Of  the  hematite  ore  raised  in  Glamorganshire  the  following 
gives  the  production  in  each  of  the  years  named.  Formerly 
hematite  was  wrought  to  a  limited  extent  at  Hendy  and  Wenvoe, 
and  recently  at  Llwynsaer  by  the  Mwyndy  Iron  Ore  Company. 

The  ore  raised  at  Llwynsaer  in  1880  amounted  to  12,815  tons, 
of  the  value  of  £6,778. 


Year. 

Mwyndy. 

Bate. 

Garth. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1858 

12,500 

•  •  • 

•  •  • 

12,500 

1860 

29,217 

•  •  • 

*  •  ■ 

29,217 

1862 

27,260 

16,633 

*  •  « 

43,893 

1864 

60,401 

13,168 

•  •  « 

63,569 

1866 

41,387 

26,000 

•  «  • 

67,387 

1868 

60,660 

22,875 

•  •  ■ 

83,535. 

1870 

66,191 

22,530 

•  •  • 

88,720 

1871 

58,723 

24,601 

•  •  • 

83,324 

1872 

49,661 

23,105 

•  •  • 

72,766 

1873 

52,816 

339 

•  •  • 

53,155 

1874 

68,787 

36,558 

15,545 

120,890 

1875 

67,697 

16,057 

16,536 

100,290 

1876 

61,618 

8,525 

13,421 

•83,970 

1877 

49,084 

7,581 

9,861 

t77,320 

1878 

30,451 

8,375 

7,828 

156,639 

1879 

20,986 

985 

6,695 

§53,811 

1880 

43,095 

191 

9,966 

65,567 

*  Including  405  tons  raised  at  Radry. 

t  Including  10,794  tons  raised  at  Llwynsaer. 

t  Including  9,894  tons  raised  at  Llwynsaer  and  Trecastle. 

§  Including  20,986  raised  at  Trecastle. 

li  Including  12,315  tons  raised  at  Llwynsaer. 
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The  value  of  these  hematite  ores  for  some  years  past  shows 
little  variation,  the  average  price  being  from  12«.  to  14«.  per  ton. 

The  mines  raising  hematite  ore  in  South  Wales,  their  situation, 
proprietors,  and  chief  agents  are  as  follows  during  the  year 
1880 :— 


No. 

1 
2 

3 

4 
5 

Name  of  Mine. 

Situation. 

Name  of  Proprietor 
or  Company. 

Name  of  Manager 
or  Agent. 

Bute  Hematite  . 
Llwynsaer     .    . 
I'Mwyndy    and 
I    Treoafltle 
Melyn  Griffith    . 
Garth . 

Tilantrissaiit  .    . 
i»        •        • 

>i           •    • 
Caniiff 

»«       •        •    • 

Dowlais  Iron  Co. 

MwjTidy  Iron  Ore  Co.,  Lim.     . 

>>              i>               »»   •     • 
T.  W.  Booker  &  Co.,  Lim. 

John  PoweU. 
WiUiain  Vixian. 

David  £van». 
E.  D.  Howell. 

Analyses  of  these  Iron  Ores. — The  ore  raised  at  Mwyndy, 
near  Llantrissant,  is  thus  described  by  Mr.  W.  Eatcliffe  :  "  Com- 
pact hematite ;  easily  scratched  by  a  file ;  lustre,  earthy  ;  colour, 
deep  red  yellow ;  streak,  brown  red ;  fracture,  uneven,  showing 
numerous  cavities  lined  with  crystals  of  quartz ;  the  ore  contains 
minute  particles  of  quartz,  visibly  diflFused  through  it.  Some 
specimens  selected  from  lai'ge  solid  masses  of  the  ore  are  scarcely 
scratched  by  a  file ;  colour,  bright  purple  blue.  Particles  of 
quartz  are  diffused  through  these,  and  are  only  plainly  visible  by 
the  aid  of  the  microscope.  The  samples  analysed  were  composed 
of  a  mixture  of  these  varieties." 

Besults  Tabulated. 

Sesquiozide  of  iron 70*572 

Oxide  of  manganese  .......  0*522 

SiHca 18-362 

Alumina 1*572 

Lime 3*562 

Magnesia 1*311 

Potash 0*317 

Sulphuric  acid 0*451 

Phosphoric  acid 0*132 

Carbonic  acid 1*716 

Water 0*660 

Total 99*177 


The  total  amount  of  metallic  iron  contained  in  this  ore  is 
equivalent  to  48*934  per  cent. ;  it  further  appears  that  a  trace 
of  cobalt  was  detected  in  800  grains  of  the  ore. 

The  calcareous  hematite  of  AVhitchurch,  also  examined  bv 
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Mr.  W.  Eatcliflfe,  gives  the  following  results.     The  ore  is  thus 

described : — "  Compact ;  soft ;  lustre,  greasy  to  dull ;  colour, 
dark  red  on  outside  ;  on  the  fracture,  blackish  red ;  streak,  bright 
red,  soils  the  fingers,  and  makes  a  red  streak  on  paper;  structure^ 
oolitic  and  sometimes  pisolitic." 

Results  Tabulated. 

Seequioxide  of  iron 66*554 

Protoxide  of  iron 1'131 

Oxide  of  manganeso     .         .         .        .         .         .         1*127 

Alumina 1*753 

Lime 8*547 

Magnesia 1*116 

SiUca 0*312 

Potash 0*190 

Soda 0*068 

Carbonic  acid 5*733 

Sulphuric  acid 1*309 

Phosphoric  acid 1*017 

Organic  matter 0*376 

Water  (total) 2*118 

Ignited  insomble  residue 10*356 

Total 101;707 

Igntted  Insolxtble  Besidxje. 

Silica 8*589 

Alumina  (with  a  little  iron)         ....        1*042 

Lime 0*850 

Magnesia 0*272 

Potash 0*235 

Soda 0*076 

Total 11*064 


The  total  amount  of  metallic  iron  contained  in  this  ore  is 
equivalent  to  47*468  per  cent.  A  note  appended  to  the  analysis 
states,*  that "  No  metal  precipitable  by  sulphuretted  hydrogen  from 
the  hydrochloric  acid  solution  of  800  grains  of  ore,  was  detected* 

The  Mwyndy  Company  previously  referred  to  possesses  an 
estate  at  Trecastle  containing  some  valuable  deposit  of  iron  ore ; 
the  mines  are  situated  near  the  Llantrissant  station  and  on  the 
Cowbridge  line,  three  miles  distant  from  Mwyndy.  Of  late  these 
deposits  have  not  been  worked  except  in  a  limited  manner.  The 
following  analyses    of  two  samples  of  this    hematite,  by  IVIr. 

•  « Iron  Ores  of  Great  Britain,'*  Part  HI.,  p.  217. 
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John  Fattinson^  of  Newcastle-upon-Tyne,  show  the  subjoined 
results : — 


Constituenta. 

Trecastle. 
No.  1. 

Trecastle. 
No.  2. 

Peroxide  of  iron 

87-43 

74-71 

Protoxide  of  manganese      .    . 

0-24 

019 

Alumina 

0-24 

1-90 

Lime 

0-28 

5-56 

Magnesia         .... 

0-27 

0-94 

Oxide  of  oopper  .        .        .     . 
Carbonic  acid  .... 

trace 

trace 

... 

4-90 

Silica 

1-97 

3-86 

Sulphur 

002 

0-02 

Phosphoric  acid  .        ... 

001 

001 

Combined  water 

9-29 

7-64 

Moisture 

0-21 

0-24 

99-96 

99-97 

The  high  character  of  these  ores  appears  in  the  fact  that  the 
&:6t  gives  61120  and  the  second  sample  52'80  of  metallic  iron. 

Pig  Iron  Manuftoture. — On  the  northern  and  eastern  out- 
crop of  the  South  Wales  mineral  basin,  in  the  shires  of  Monmouth 
and  Brecknock^  are  established  some  of  the  oldest  and  most 
extensive  iron  works  in  the  kingdom.  About  the  year  1755  it 
appears  that  a  Mr.  Anthony  Bacon  acquired  an  extensive  mineral 
property  in  the  neighbourhood  of  Merthyr,  for  a  term  of  99 
years,  at  the  moderate  rental  of  £200  per  annum,  and-  it  was 
upon  this  same  property  in  later  years  that  many  of  the  present 
iron  works  of  the  above  named  districts  were  established. 

Previously,  in  the  year  1565,  it  is  known  that  a  Mr.  Capel 
Hanbury  erected  a  charcoal  blast  furnace  at  Pontypool,  which 
place  is  regarded  as  one  of  the  earliest  seats  of  the  iron  trade ; 
and  there  is  reason  to  believe  that  the  Romans  worked  iron  ore 
in  those  hills  then  covered  with  wood,  as  they  undoubtedly  did 
in  Dean  Forest,  ancient  heaps  of  slag  being  occasionally  struck 
upon.  In  consequence  of  the  destruction  of  timber  for  fdel  being 
carried  to  a  serious  extent  in  the  reign  of  Elizabeth,  Acts  were 
passed  prohibiting  the  erection  of  iron  works  except  in  districts 
specified ;  so  that  in  the  year  1740  the  aggregate  yield  of  charcoal 
pig  iron  amounted  to  but  17,850  tons,  the  yield  of  59  furnaces 
distributed  over  the  kingdom  as  follows : — 


CHAP.  XT.] 


SOUTH  WALES  IRON  INDUSTRIES. 


605 


Countj. 

No.  of 
Furnaces. 

Charnoftl 
Pig  Iron. 

South  Walea-^ 

Tons. 

Brecon        .... 

2 

600 

CaermaTthenshire  .        .     . 

1 

100 

Glamorganshire  . 

2 

400 

Monmouthfiliire      .        .     . 

2 

900 

North  Wales--- 

Denbigbahire 

2 

550 

England — 

Cheshire         .        .        .     . 

3 

1,700 

Derbyshire. 

4 

800 

Gloucesterahire      .        .    . 

6 

2,850 

Hampshire. 
Herefordshire         .        .    . 

1 
3 

200 
1,350 

Kent 

4 

400 

Nottinghamshire    .        .    . 
Shropshire  .... 

1 

200 

6 

2,100 

Staffordshire  . 

2 

1,000 

Sussex        .... 

10 

1,400 

Warwickshire                 .    . 

2 

700 

Worcestershire   . 

2 

700 

Total     . 

6 

1,400 

59 

17,350 

Thus  of  the  make  of  charcoal  iron  in  the  year  1740  South 
Wales  with  its  seven  furnaces  produced  2,000  tons.  Advancing 
to  the  year  1788*  there  appear  to  have  been  but  24  furnaces  in 
England  and  Wales  making  charcoal  pig  iron  amounting  to 
13,100  tons,  and  53  furnaces  making  48,200  tons  of  coke  pig  iron, 
the  former  giving  an  average  of  645  tons  per  furnace,  compared 
with  294  tons  per  furnace  in  the  year  1740. 

Of  the  production  of  1788,  seven  furnaces  were  in  South  Wales, 
producing  4,800  tons  of  charcoal  pig,  and  eight  furnaces  making 
8,200  tons  of  coke  pig  iron,  giving  a  total  of  12,500  tons  of  pig 
iron,  the  make  of  fifteen  furnaces  in  South  Wales,  amounting  to 
nearly  one-fourth  of  the  total  production  of  the  kingdom  at  this 
period. 

As  this  period  marks  a  new  era  in  the  history  of  pig  iron 
manufacture,  and  the  more  general  use  of  coke  as  a  reducing 
agent  in  the  blast  furnace,  it  will  be  a  fitting  place  to  record  the 
quantities  of  charcoal,  and  coke  pig  iron  produced  in  Great 
Britain,  viz.,  for  the  year  1788,  which  were  as  follows : — 

•  «  Histoiy  of  the  Iron  Trade,"  by  H.  Scriyener,  1864,  p.  87. 
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Ohabcoal  Pig  Ibok. 


No.  of 

Make  of  each 

Total. 

1 

Fumacen. 

Furnace. 

• 

Tons. 

Toua. 

South  Wales— 

Caermartheiishire 

1 

400 

400 

Glamorganshire              .     . 

3 

600 

1,800 

Monmouthshire  . 

3 

700 

2,100 

England — 

Cumberland   .        .        .     . 

1 

300 

300 

Derbyshire. 

1 

300 

300 

Gloucestershire       .        .     . 

4 

650 

2,600 

Lancashire .        .        *        . 

3 

700 

2,100 

Shropshire              .        .    . 

3 

600 

1,800 

Sussex        .... 

2 

150 

300 

Westmoreland                .     . 

1 

400 

400 

Torkshire  .... 

1 

600 

600 

North  Wales— 

Merionethshire       .        .    . 
Total     . 

1 

400 

400 

24 

13,100 

In  the  same  year  the  make  of  coke  pig  iron  in  England  and 
Wales  was  as  follows  : — 


Coke  Fia  Iron. 


No.  of 
Furnaces. 

Make  of  each 
Furnace. 

TotaL 

South  Wales 

Breoknockshire  . 

Glamorganshire     .        .     . 
England — 

Cheshire     .... 

Cumberland  .        .        .    . 

Derbyshire. 

Shropshire     .         ... 

Staffordshire 

,,              .... 

Yorkshire  .... 

Total        .        .    . 

2 
6 

1 
1 
7 
21 
6 
3 
6 

Tons. 

800 
1,100 

600 
700 
600 
1,100 
750 
800 
750 

Ton.s. 

1,600 
6,600 

600 
700 
4,200 
23,100 
4,500 
2,400 
4,500 

53 

48,200 

Scotland  produced  in  the  year  1788  from  two  furnaces  in 
Argyleshire,  situated  at  Goatfield  and  Bunawe,  1,400  tons  of 
charcoal  pig  iron  and  5,600  tons  of  coke  pig  iron,  from  four 
furnaces  erected  at  the  Carron  Works  in  Stirlingshire,  and  two 
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furnaces  erected  at  Wilsonstown  or  Cleughy  in  Lanarkshire. 
Summarising  the  above  returns  for  1788  the  result  is  as  shown: — 


Ditftricts. 

1 

No.  of 
Famaces. 

Pig  Iron. 

South  Wales      .        .    . 

England 

North  Wales     .        .     . 

Scotland 

Charcoal  furnace. 
»» 

7 

16 
1 
2 

Tons. 

4,300 

8,400 

400 

1.400 

South  Wales . 
England    . 
Scotland 

Total  . 

26 

14,500 

Coke  Pig         .    . 

ft          • 

>»              •     • 

Total  . 

8 

45 

6 

8,200 

40,000 

5,600 

59 

53,800 

Presenting  a  total  for  Great  Britain  of  85  furnaces  and  GB^SOO 
tons  of  pig  iron,  the  average  yield  of  the  English  furnaces 
being  796  tons^  compared  with  875  tons,  the  average  yield  of  the 
Scotch  furnaces.  The  three  charcoal  furnaces  in  operation  in 
Monmouthshire  in  1788  were  situated  at  Pontypool,  Tintem 
Abbey,  and  Monmouth.  Passing  on  to  the  date  of  the  erection 
of  coke  furnaces  it  appears  that  the  first  furnace  using  coke 
was  erected  at  the  Sirhowey  works,  by  the  Messrs.  Atkinson  and 
Co.,  in  1788,  and  in  the  year  1796  produced  1,980  tons  of  coke 
pig  iron.  The  Blaenavon  works  followed  in  the  same  year  with 
three  furnaces,  and  in  the  year  1796  made  4,811  tons  of  coke  pig 
iron;  while  in  the  same  year  the  works  at  Blaendare,  near 
Pontypool,  and  the  Ebbw  Vale  Works  put  their  first  furnaces  in 
blast ;  the  former  in  the  year  1796  making  1,600  tons,  and  the 
latter  1,660  tons  of  coke  pig  iron.  Other  works  succeeded  with 
rapidity ;  those  at  Nantyglo  were  founded  in  1795,  Varteg  in 
1808,  and  the  works  at  Tredegar  in  1805.  In  Brecknockshire 
the  Beaufort  Works  were  laid  down  by  the  Messrs.  Kendall  and 
Evans,  in  the  year  1780,  the  furnace  producing  in  the  year  1796 
some  1,660  tons  of  coke  pig  iron. 

Towards  the  close  of  the  past  century  much  anxiety  was  shown 
by  the  coal  and  iron  masters  of  the  kingdom  at  Mr.  Pitt's  projects 
to  increase  the  revenue — the  first  in  1796,  by  a  tax  on  coal  at  the 
pit's  mouth,  and  the  second  in  1797,  on  pig  iron  of  20  shillings 
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per  ton;  considerable  opposition  was  shown  to  both  those  measures. 
A  conunittee  of  the  House  of  Commons  was  appointed,  presided 
over  by  William  Manning,  M.P.,  and  the  whole  subject  very 
fully  considered,  the  result  being  the  abandonment  of  both 
measures.  The  inquiry  was  not  however  barren  in  results,  as  it 
brought  out  some  very  important  and  interestiQg  facts  upon  the 
condition  of  the  iron  works  in  Great  Britain  at  this  time.  These 
were  embodied  in  a  statement  prepared  by  Dr.  H.  G.  McNab,* 
of  Severn  House,  Shropshire,  and  addressed  to  the  chairman.  In 
this  statement  a  complete  list  of  all  the  furnaces  in  Great  Britain 
appears,  with  the  return  given  by  the  Excise  of  the  quantity  of 
pig  iron  made  in  the  year  1796 ;  the  quantities  supposed  and 
calculated  upon,  by  three  gentlemen  whose  initials  alone  appear, 
and  a  third  statement  of  the  quantities  really  made.  The  works 
in  operation  at  this  period  in  Monmouthshire  and  Brecknockshire 
were  those  named  in  the  following  table : — 


Kunes  of  Furnaces. 

No.  of 
Furnaces. 

Excise 
Betom. 

Supposed 
Quantitios. 

Exact 
Betum. 

Mimmouthshire 
Blaendue 
Blaenavon    . 
Ebbw  Vale 
Sirhowey     .        .    . 

Total      . 

Brecknockshire-^ 

Beaufort               .     . 
Clydadi    . 
Hirwain               .    . 

Total      . 

1 
3 

1 
1 

Tons. 

1,404 
5,460 
1,560 
1,820 

Tons. 

1,404 
5,460 
1,560 
1,820 

Tons. 

1,500 

4,318 

397 

1,930 

6 

10,244 

10,244 

8,145 

1 
1 
1 

1,560 
1,820 
1,400 

1,560 
1,820 
1,400 

1,660 
1,625 
1,050 

3 

4,780 

4,780      I      4,335 

The  three  sources  of  information  are  given  for  comparison ;  the 
exact  returns  however  give  a  total  production  in  the  two  districts 
of  12,480  tons,  the  make  of  nine  furnaces,  showing  an  average 
make  per  furnace  of  1,387  tons. 

This  return  for  the  year  1796  possesses  so  much  interest  as  con- 
taining the  detailed  list  of  iron  works  existing  in  the  kingdom,  and 
for  purposes  of  comparison  will  be  so  frequently  referred  to  in 
subsequent  pages,  that  the  annexed  table  has  been  prepared  from 

•  McNab  on  the  "  Coal  Trade,"  1801. 
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the  original  of  Dr.  Macnab^  intending  to  show  the  number  of 
furnaces  and  the  make  of  each  district  in  the  kingdom ;  these 
were  as  follows : — 


-niafrlntA 

No.  of 

ExdBe 

Supposed 

Exact 

Furoaces. 

Return. 

Quantities. 

Return. 

Tuns. 

Tons. 

Tons. 

Cumberland  . 

2 

3,744 

1,600 

565 

Derbyshire                .    . 

12 

10,200 

10,200 

9,656 

Gloucesterslure 

2 

380 

380 

380 

Herefordshire    .        .     . 

4 

2,070 

2,070 

1,749 

Lancashire 

3 

2,180 

2,180 

2,249 

Mid  Wales        .        .     . 

1 

200 

200 

150 

Shropshire     . 

23 

68,129 

43,360 

32,969 

Staffordshire,  North  .     . 

2 

4,700 

2,200 

1,959 

,,            South 

14 

15,820 

15,256 

13,210 

Sussex 

1 

172 

173 

173* 

South  Wales  . 

24 

38,508 

39,808 

34,101 

Wales,  North    .        .     . 

o 

6,230 

1.560 

1,144 

„     West  . 

1 

1,056 

1,056 

290 

Yorkshire,  West  Biding 

13 

13,922 

13,922 

10,398 

Scotland 

15 

•  •• 

17,040 

15,186 

„        charcoal      .    . 
Total 

2 

••• 

1,600 

900 

124 

167,311 

152,605 

125,079 

fTowards  the  end  of  the  year  1800  the  total  number  of  furnaces 
was  increased  by  40,  of  which  21  were  in  blast  and  19  in  course 
of  erection  in  Great  Britain,  distributed  as  follows : — 


Districts. 


In  Blast 


Durham  • 
Gloucestershire    . 
Shropshire 
Staffordshire,  North    . 

,,  South 

South  Wales 
Scotland  . 


Total 


Nos. 
0 
1 
5 
2 
7 

O 
1 


Boilding. 


Not. 
1 
0 
2 
1 

11 
4 
0 


21 


19 


Beginning  with  the  present  century,  a  reliable  source  of 
information  is  at  hand ;  one  return  in  1806,  prepared  by  an  iron- 
master conversant  with  the  iron  industries  of  the  kingdom,  shows 
the  production  of  the  Brecknockshire  furnaces  as  7,998  tons,  and 
those  of  Monmouthshire  as  22,950  tons,  giving  a  total  of  80,948 
tons  for  both  counties.  From  the  return  referred  to,  the  annexed 
statement  has  been  prepared,  showing  the  works  and  furnaces 
in  operation  and  details  of  production : — 
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FURNACES. 

Districts. 

Pig  Iron 
Made. 

Built 

In  Blast 

Tons. 

Brecknockshire^- 

Beaufort         .        .        .     . 

2 

2 

4,696 

Gl^dach       .... 

2 

1 

2,802 

Hirwain 

Total     . 

Monmouthahire — 

1 

1 

500 

5 

1 

4 

7,998 

Blaendare   .... 

1 

0 

•  •  • 

Blaenavon 

4 

3 

7,846 

Bishop's  Wood    . 

1 

1 

653 

EbbwVale     .        .        .    . 

2 

1 

3,664 

Nantyglo     .... 

2 

0 

•  •  • 

Pontypool       .        .        .     . 

1 

1 

600 

Sirhowey     .... 

2 

2 

3,700 

Tintem  Abbey        .        .    . 

1 

1 

987 

Tredegar     .... 

2 

2 

4,500 

Varteg 

Total     . 

1 

1 

1 

1,000 

i    " 

12 

22,950 

In  the  same  year  the  total  production  of  the  161  furnaces  in 
Great  Britain  amounted  to  248,851  tons,  being  an  average  make 
per  furnace  of  1,515  tons.  Advancing  to  the  year  1811  there 
appears  to  have  been  24  furnaces  in  blast  in  these  districts, 
giving  an  average  yield  per  furnace  of  2,000  tons,  or  a  total  pro- 
duction of  48,000  tons  of  pig  iron.  A  paper  in  the  Edinburgh 
Philosophical  Magazine*  affords  information  of  the  production 
of  Great  Britain  in  the  year  1827,  when  284  furnaces  were  in 
operation,  yielding  690,000  tons  of  pig  iron.  The  general  pro-  * 
duction  appears  to  have  been  as  follows : — 


'N 


Districts. 

Furnaces. 

Tons. 

Staffordshire 

Shropshire 

South  Wales 

North  Wales    .... 

Yorkshire 

Derbyshire       .... 
Scotland 

1 
' 

95 
31 
90 
12 
24 
14 
18 

216,000 
78,000 

272,000 
24,000 
43,000 
20,500 
36,500 

Total    .... 

284 

690,000 

*  "  The  Iron  Tirade  of  Great  Britain,"  1828,  p.  115. 
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It  is  here  shown  that  the  yield  of  the  South  Wales  furnaces 
gave  upwards  of  an  average  make  of  3,000  tons,  compared  with 
2,000  tons  in  1811,  and  1,515  tons  in  1806. 

The  Government  instituted  an  inquiry  in  the  year  1831,  which 
was  intrusted  to  Mr.  F.  Finch,  formerly  member  for  Walsall. 
This  inquiiy  embraced  all  the  iron  producing  districts  of  the 
kingdom,  for  the  years  1823  and  1830. 

From  this  statement  it  is  gathered,  that  the  total  yield  of  the 
Brecknockshire  and  Monmouthshire  furnaces  in  the  above 
named  years,  were  102,260  tons,  and  156,277  tons ;  the  number 
of  furnaces  in  operation  being  respectively  35  and  68,  in  each  of 
the  same  years. 


Districts. 

isaj. 

1830. 

Funioces. 

Pig  Iron. 

Fomaoes. 

Pig  Iron. 

No. 

Tons. 

No. 

Tons. 

Brecknockshire — 

Beaufort  . 

3 

5,243 

4 

7,276 

Clydaoh        .        .     . 

2 

5,200 

9 

10,190 

Hirwain   . 

2 

4,160 

4 

9,360 

Tnisoedwyn.        .    . 

Total  . 
ManmoutJuhire — 

1 

1,498 

2 

2,111 

8 

16,101 

19 

28,937 

Abersychan 

■  •  • 

•  •  • 

6 

10,640 

Blaenavon    .        .     . 

5 

16,882 

5 

13.843 

Blaina 

•  •• 

•  •  • 

3 

4,905 

Coalbrook  Yale    .     . 

1 

2,704 

2 

2,780 

EbbwVale  &  Sirhowey 

6 

20,425 

6 

26,020 

Pentwyn      .        .     . 

•  •  • 

•  •  • 

3 

5,391 

Bhymney . 

•  •  • 

•  •  • 

1 

220 

Bhymney  and  Bate  . 

3 

5,500 

6 

7,608 

Tredegar  . 

16,385 

5 

18,514 

Yarteg.                 .     . 

2 

6,513 

13,536 

Nantyglo  . 

Total      .     . 

5 

17,750 

7 

23,883 

27 

86,159 

49 

127,340 

Comparing  the  totals  there  is  shown  an  increase  of  88  furnaces 
and  54,017  tons  of  pig  iron,  equivalent  to  50  per  cent.  The  result 
arrived  at  by  Mr.  Finch  shows  that  in  1828  the  266  furnaces  in 
operation  in  Great  Britain  produced  455,166  tons^  compared 
with  872  furnaces  and  748,417  tons  in  the  year  1880. 

It  thus  appears  that  between  the  years  1823  and  1880  the 
increase  in  production  was  twofold,  while  the  average  yield  of 
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each  furnace  increased  from  1,786  tons  in  1823  to  1,828  tons  in 
the  year  1830.  About  this  period  some  interesting  returns  are 
at  hand  showing  the  make  of  pig  iron  in  some  of  the  more 
important  works  in  these  districts,  which  compare  favorably  with 
earlier  returns  of  the  same  works  in  previous  years.  These  are 
as  follows : — 

MomiOUTHSHIBE. 


Year. 

Blaenavon. 

Tredegar. 

Nantyglo. 

BlaiiiA. 

Ebbw  Vale. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1829 

9,135 

13,379 

17,436 

5,137 

17,082 

1830 

9,401 

12,335 

17,536 

4,292 

18,258 

1831 

9,714 

13,339 

17,955 

2,894 

19,077 

1832 

9,066 

13,372 

21,333 

8,058 

18,347 

1833 

8,709 

12,340 

21,023 

5,062 

19,905 

1834 

8,391 

12,920 

22,663 

6,074 

20,240 

1835 

9,036 

13,917 

24,997 

8,581 

24,994 

1836 

7,596 

12,133 

25,407 

9,020 

22,957 

1837 

7,512 

12,661 

23,972 

6,380 

20,035 

1838 

8,085 

15,538 

25,241 

7,458 

23,320 

These  quantities  refer  solely  to  the  works  named.  The  Beau* 
fort  and  Clydach  works  of  Brecknockshire  in  each  of  the  same 
years  produced  pig  iron  in  the  following  quantities : — 


Bbecketookshibe. 


Year. 

Beaufort. 

Clydach. 

Tons. 

Tons. 

1829 

7,102 

7,431 

1830 

6,005 

7,573 

1831 

5,153 

7,031 

1832 

6,882 

6,542 

1833 

7,522 

7,384 

1834 

9,808 

6,262 

1835 

12,979 

7,562 

1836 

14,567 

7,738 

1837 

11,162 

7,087 

1838 

10,917 

9,282 

Total  .     . 

92,097 

73,892 

In  the  period  between  1830  and  1840  the  iron  industries  of 
the  county  received  a  great  impetus  from  the  expansion  of  our 
railway  system;  all  possible  skill  was  brought  to  bear  on  the 
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improvement  of  the  fomace^  the  quantity  and  quality  of  the  iron. 
The  old  charcoal  furnaces  of  small  dimensions  gave  way  to  others 
of  larger  capacity,  coke  being  employed ;  in  height  the  charcoal 
furnaces  varied  from  12  to  18  feet,  and  even  28  feet  where  good 
water  power  existed,  those  of  the  coke  furnaces  being  40  and  60 
feet,  and  even  more  in  height,  the  width  of  the  boshes  vary- 
ing from  10  to  15  feet.  The  production  of  the  Monmouthshire 
and  Brecknockshire  furnaces  till  the  year  1857  are  included 
in  the  production  of  South  Wales;  after  1867,  the  number 
of  furnaces  and  production  of  each  district  is  separately  distin- 
guished. Before  giving  this  summary  the  annexed  statement, 
prepared  from  reliable  sources,  will  show  the  total  production  of 
the  several  works  in  both  Monmouthshire  and  Brecknockshire 
between  the  years  1829  and  1838  inclusive : — 

MONHOTTTHSHIBE. 

WOBU.  PIG  IBOH. 

Tons. 

Blaenavon 86,645 

Blaina 62,956 

Coalbroook  Yale 29,889 

Bute 72,040 

EbbwVale 204,215 

Nantyglo 217,563 

Ponty^l 48,835 

Tredegar 131,934 

Varteg 113,941 

Bkeckvookshibe. 

Beaufort 92,088 

Clydach 73,892 

Mr.  Francis  Foster,  writing  about  the  year  1880,  in  his  ob- 
servations on  the  South  Wales  Goal  Basin,*  remarks  *'  that  the 
quantity  of  iron  annually  made  in  South  Wales  is  calculated  at 
270,000  tons,  three-quarters  of  which,  it  would  appear,  was  con- 
verted into  bars,  and  one-quarter  into  pigs  and  castings.  The 
average  quantity  of  coal  required  included  that  used  by  engines, 
workmen,  (&c.,  being  about  five  and  a  half  tons  for  each  ton  of 
pig  iron  made." 

From  the  year  1857  the  following  table  exhibits  at  a  glance 
the  number  of  furnaces  built,  in  blast,  and  make  of  iron  in  each 
district : — 

*  Pamphlet,  "  Soath  Wales  Coal  Baan,"  Jane,  1830. 
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Monmouthshire. 

Brecknockshire. 

FURNACES. 

FURNACES. 

Year. 

Pig  Iron. 

PIk  Iron 

Made. 

BuUt. 

111  Blast. 

Built.         In  Blast 

Nos. 

Noa. 

Tons. 

Nos. 

Noa.       1           Tons. 

1857 

68 

54 

399,649 

16 

14 

t                70,779 

1859 

59 

42 

327,300 

19 

U 

[             59,600 

1861 

74 

54 

338,439 

17 

IC 

)             43,300 

1863 

67 

46 

349,387 

17 

8 

;             35,700 

1865 

68 

45 

367,656 

17 

K 

>       '       49,750 

1867 

71 

50 

418,235 

15 

5 

►             29,443 

1869 

59 

44 

472,450 

17 

t 

►             39,201 

1870 

59 

45 

472,450      : 

17 

C 

;             32,000 

1871 

62 

47 

470,982 

17 

4 

[             30,086 

1872 

63 

49 

465,603 

17 

t 

;             28,504 

1873 

62 

42 

360,583 
360,480 

t 

1       •  •  • 

•  • 

•  ■  « 

1874 

62 

41 

1                1 

•  •  •             '             •  • « 

■  •  « 

1875 

62 

37 

262,253      i 

•  •  • 

•  •  1 

1 

1876 

62 

35 

413,946 

1            •" 

•  • 

*  ■  ■ 

1877 

61 

30 

368,480 

1 

1 

•  • 

t                                  •  •  • 

1878 

57 

29 

373,744 

1                1 

•  •  •                         •  • 

k                                   ■  •  • 

1879 

57 

27 

337,684 

1 

•  >  •                                             •   i 

■  •  • 

1880 

56 

35 

448,823 

•  ■  •                                             •  • 

«  •  • 

Brecknockshire  lias  of  late  years  disappeared  from  the  pub- 
lished return  as  an  iron  producing  district^  and  many  of  the 
furnaces  have  been  dismantled. 

Some  interesting  facts  may  be  gathered  from  the  above,  show- 
ing the  increased  capacity  and  production  of  the  furnaces  during 
the  past  twenty  years;  thus  in  Monmouthshire  in  1857  the 
average  yield  per  furnace  did  not  exceed  7,400  tons  per  annum, 
while  in  the  year  1878  an  average  is  shown  of  neai-ly  13,000  tons 
per  fiimace. 

The  success  of  the  Blaenavon  Works  in  the  early  part  of  the 
present  century  gave  a  great  impetus  to  the  iron  trade  in  the 
Monmouthshire  Hills,  and  a  range  of  works  sprung  up  to  the 
westward,  almost  in  a  line  near  the  heads  of  valleys  that  stretch 
towards  Merth)T.  Before  giving  the  annexed  statement  showing 
the  number  of  furnaces  built,  in  blast,  the  respective  firms,  and 
the  producing  power  of  the  works  in  the  year  1880,  the  following 
dates,  showing  the  establishment  of  some  of  the  Monmouthshire 
works,  will  indicate  the  growth  of  the  iron  trade.  The  Beaufort, 
Ebbw  Vale,  Clydach,  and  Varteg  works  were  in  operation  in  1808, 
Tredegar  in  1805,  Blaina  and  Coalbrook  Vale  before  1823, 
Abersychan  in  1827,  and  Victoria  in  1838. 
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Monmouthshire. 


No. 

1 
2 
3 
4 
5 

6 

7 

8 

9 

10 

11 

12 

Name  of  Works. 

Owners. 

rURVACD. 

BnUt. 

InBlMt 

Abersychan 
Pontypool    .    . 
Sirhowey . 
Ebbw  Vale  .     . 
Victoria   . 

Blaenayon   .     . 

Gwmbr&n 
Nantyglo     .    . 
Blaina 

Ck)albrook  Vale 
Bhymney 
Tredegar      .    . 

Ebbw  Vale  Steel,  Iron,  and 
Goal  Co.,  Limited       .    . 

(  Blaenayon  Iron  and  Steel 
\     Co.,  Limited    . 
Patent  Iron  and  Bolt  Co. 

]  Nantyglo  and  Blaina  Iron 
Works  Co.,  Limited 

Rhymney  Iron  Co.,  limited. 
Tredegar  Iron  Co.,  Limited  . 

Total  of  Monmouthshire . 

(      ^ 
4 

i    4 

4 
{      2 

!  • 

2 

f  3 
3 

i  1 
9 
9 

4 
2 
4 
•4 
2 

5 

2 
0 
0 
0 
6 
6 

56 

3d 

Olamorgaaisliire. — In  considering  the  production  of  pig  iron 
manufacture  in  Glamorganshire,  it  will  be  convenient  to  consider 
the  early  history  and  progress  of  those  works  in  which  the  reduc- 
tion of  the  ores  of  iron  is  effected  by  coal  of  a  bituminous 
character,  and  subsequently  of  those  districts  in  which  anthracite 
is  exclusively  employed. 

As  early  as  the  15th  century  evidence  exists  of  the  ores  of  iron 
being  smelted  in  Glamorganshire,  the  furnaces  being  erected  on 
the  mountain  tops,  exposed  to  the  wind,  charcoal  being  alone 
used ;  at  a  later  period  the  furnaces  were  erected  on  sites  in  the 
valleys  where  water  power  could  be  advantageously  employed. 
The  great  consumption  of  charcoal  necessary  for  iron  smelting 
led  to  great  scarcity  of  this  necessary  material ;  so  much  so  that 
in  the  year  1740  the  manufacture  of  iron  was  nearly  extinct  in 
South  Wales,  there  being  in  that  year  but  seven  charcoal  furnaces 
in  operation,  producing  2,000  tons  of  pig  iron ;  of  these  two  were 
in  Glamorganshire  and  one  in  Caermarthenshire,  making  500 
tons,  the  otJiers  in  Monmouthshire  and  Brecknockshire,  four  in 
number,  making  1,500  tons.  The  total  make  of  the  59  furnaces 
at  that  period  amounting  to  17,850  tons. 

The  Dowlais  Iron  Works,  situated  near  Merthyr,  were  estab- 
lished by  Messrs.  Lewis  and  Guest  about  the  year  1767 ;  about 
1776  Mr.  A.  Bacon  erected  a  smelting  furnace  at  Cyfarthfa,  and 
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a  forge  for  the  manufacture  of  bar  iron.  In  1784  the  Penydarren 
works  were  laid  out  by  Messrs.  J.  Homfray  and  Co.,  and  were  a 
source  of  great  profit.  A  few  years  later  Mr.  Homfray  was  the 
projector  of  a  canal  to  CardiflF,  which  however  was  constructed 
under  the  direction  of  Mr.  Bichard  Crawshay,  who,  on  the 
demise  of  Mr.  A.  Bacon,  toward  the  end  of  the  centmy,  became 
sole  proprietor  of  the  Cyfarthfa  works,  which  he  rapidly  extended; 
other  works  succeeded,  and  in  1790  the  Pl3rmouth  works  were 
established. 

The  production  of  charcoal  iron  in  1788  from  three  furnaces  in 
Glamorganshire  and  five  in  Caermarthenshire  amounted  to 
2,200  tons,  the  make  of  coke  pig  iron  in  the  same  year  in  Gla- 
morganshire being  6,600  tons,  the  yield  of  six  furnaces. 

Advancing  to  the  year  1796,  when  Dr.  Macnab's  return  ap- 
peared, the  works  showing  the  number  of  furnaces  and  make  of 
pig  iron  in  Glamorganshire  were  as  follows  : — 

Glamobgaitshike. 


JffnrVa 

No.  of 

Excise 

Supposed 

Exact 

n  viwutm 

Furnaces. 

Returns. 

Quantities. 

Returns. 

Tons. 

Tons. 

Tons. 

Oaeiphilly          .        .     . 

1 

600 

600 

695 

Gyfarth& 

3 

6,000 

6,000 

7,204 

Dowlais     . 

3 

4,100 

5,400 

2,800 

EnniBvgedyr  . 
Llanelly    .                .    . 

1 
1 

1,352 
1,664 

1,352 
1,664 

800 
1,560 

Neath  Abbey 

2 

3,120 

3,120 

1,759 

Penydarren                .     . 

2 

4,000 

4,000 

4,100 

Plymouth 

1 

2,000 

2,000 

2,200 

Melinoourt                 .     . 
Total . 

1 

1 

648 

648 

503 

15 

23,484 

24,784 

21,621 

The  total  yield  of  the  124  furnaces  in  blast  in  Great  Britain  the 
same  year  being  125,079  tons,  giving  an  average  make  of  1,008  tons 
per  furnace,  compared  with  796  tons  per  furnace  in  the  year  1788. 
In  the  interval  before  the  next  returns  appear  in  1806  the 
iron  works  of  the  Aberdare  Company  were  established,  adding  to 
the  works  already  existing.  From  the  returns  for  that  year 
the  following  abstract  has  been  prepared,  showing  the  number  of 
blast  furnaces  built,  in  operation,  and  the  make  of  pig  iron  in 
Glamorganshire,  when  of  the  25  furnaces  built,  21  were  in  blast, 
and  produced  40,009  tons  of  pig  iron,  giving  an  average  make  of 
1,905  tons  per  furnace  : — 
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FURNACES. 

WorkB. 

Pig  Iron 
Made. 

Built. 

In  Blast 

No. 

No. 

Tons. 

Aberdare 

2 

2 

3,586 

Abemant 

2 

1 

4,376 

Ca6q)liilly        .        .        .        . 

1 

1 

1,000 

Cyfarthfa 

4 

4 

9,000 

Dowlais 

3 

3 

6,000 

Exmifl^gedyr 

Llanelly 

1 
2 

1 
2 

1,000 
2,267 

Melinoourt 

1 

1 

1,000 

Neath  Abbey   .... 

2 

0 

■  •  • 

Penydarren 

3 

3 

6,780 

Plymouth         .        .        .        . 

3 

3 

5,000 

Penraton 

Total    .        .        .        . 

1 

0 

•  «• 

'      25 

21 

40,009 

It  is  a  notable  fact  that  at  this  period  the  only  other  districts 
in  the  kingdom  exceeding  the  production  of  Glamorganshire  were 
those  of  Staffordshire  with  82  furnaces,  yielding  60,002  tons, 
and  Shropshire  with  80  furnaces  yielding  54,996  tons. 

Mr.  David  Mushet,  who  made  a  special  inquiry  beaiing  on  the 
production  of  pig  iron  in  Great  Britain,  writes : — "  In  a  survey  I 
made  of  the  iron  works  in  1820,  my  computation  of  the  annual 
quantity  of  pig  iron  manufactured"  was  as  follows,  of  which 
South  Wales  produced  150,000  tons : — 

DUfRIOtS.  QVAIITITIES. 

Tons. 

South  Wales,  &c 150,000 

Staffoidahiie  and  Shropshire 180,000 

Yorkshire  and  Derbyshire 50,000 

Scotland  and  other  places 20,000 

Total 400,000 


Mr.  Frederick  Finch,  in  his  return  prepared  for  the  Govern- 
ment, of  the  make  of  pig  iron  for  the  years  1828  and  1880,  gives 
the  total  production  of  the  furnaces  of  South  Wales  in  each  of 
those  years  as  follows : — 


Year. 

Furnaces. 

Pig  Iron. 

1823 
1830 

Nos. 

72 
113 

Tons. 
182,325 
277,643 
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These  figures  show  an  increase  in  seven  years  of  41  furnaces 
and  95,818  tons,  equivalent  to  28  per  cent.  The  average  yield  per 
furnace  in  1828  was  2,532  tons,  compared  with  2,888  tons  in  1880. 

The  Glamorganshire  works  produced  pig  iron  in  the  following 
quantities  in  each  of  the  same  years  according  to  Mr.  Finch's 
statement : — 


Name  of  Works. 

1823. 

1830. 

No.  of 
Funiaces. 

Pig  Iron. 

No.  of 
Furnaces. 

Pig  Iron. 

Tons. 

Tons. 

Aberdare 

3 

2,838 

3 

6,286 

Abemant  .        .        .     . 

3 

2,838 

3 

6.285 

Cyfartlifa 

8 

24,200 

9 

29,000 

Dowlais     .        .        .     . 

8 

22,287 

12 

32,611 

Gadly's  .... 

•  •  • 

■  •  • 

1 

•  •  • 

Maesteg    .        .        .     . 

•  •  • 

■  •  • 

1 

2,430 

Pentyrch 

1 

1,235 

1 

2,412 

Plymouth .        .        .     . 

3 

6,387 

0 

18,582 

Penydarrea    . 

5 

15,547 

5 

17,015 

CwmAvon        .        .     . 

1 

1,560 

1 

1,950 

Neath  Abbey 

•  •  • 

•  •  • 

2 

2,374 

Race 

Total . 

3 

3,173 

3 

2,421 

35 

80,065 

46 

121,365 

Comparing  the  aggregate  returns  an  increase  is  shown  of  11 
furnaces,  and  41,800  tons,  equivalent  to  50  per  cent. 

About  the  year  1889  an  interesting  pamphlet  appeared  "  On 
the  State  and  Prospects  of  the  Iron  Trade  in  Scotland  and  South 
Wales."*  The  writer,  in  referring  to  the  iron  works  of  South 
Wales,  gives  some  interesting  facts  and  figures,  showing  the 
extent  and  capacity  for  production  of  pig  iron  of  the  works  in 
Glamorganshii'e  from  which  the  following  details  are  drawn. 

The  Aberdare  Company's  works  in  1839  consisted  of  six  fur- 
naces in  blast,  two  blown  with  hot  air,  and  four  with  cold  air, 
and  producing  from  850  to  400  tons  of  cast  iron  per  week. 

The  Cyfarthfa  Iron  Works,  belonging  to  Messrs.  Crawshay 
and  Sons,  and  the  Hirwain  Works  of  the  same  firm,  situated 
about  six  miles  from  Merthyr,  possess  14  blast  furnaces,  all  blown 
with  cold  air,  the  12  in  operation  producing  weekly  from  850 
to  900  tons,  the  greater  part  of  which  is  converted  into  malleable 
iron,  of  which  they  produce  from  600  to  650  tons  per  week. 

.   *  By  John  Johnson,  Esq.,  Iron  Merchant,  of  LiTcrpool. 
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The  Dowlais  Works  of  Sir  John  Guest,  Lewis  and  Co.,  had  at 
this  period  15  furnaces  in  full  operation,  and  4  others  in  course 
of  erection ;  those  in  blast  averaging  90  tons  per  week,  giving  a 
total  weekly  production  of  1,350  tons. 

The  Plymouth  Iron  Works  of  Messrs.  Richard  and  Anthony 
Hill  consisted  of  7  furnaces,  all  blown  vrith  cold  air  and  making 
700  tons  of  iron  per  week,  600  tons  being  converted  into  bar. 

The  Penydarren  Iron  Company  have  seven  furnaces,  six  of 
which  were  in  blast,  making  an  average  of  from  400  to  500  tons 
of  cast  iron  weekly,  nearly  the  whole  being  converted  into 
malleable  iron. 

The  Pentyrch  Iron  Works  of  T.  W.  Booker,  Esq.,  near 
Cardiff,  have  two  blast  furnaces  blown  with  cold  air,  and  yielding 
an  average  of  150  tons  weekly  of  pig  iron. 

The  returns  from  1829  to  1839  of  pig  iron  production,  will 
show  the  magnitude  of  the  iron  works  of  Glamorganshire  at  this 
period  ;  they  are  as  follows  : — 


Year. 

Aberdare. 

Cyfarthfo. 

Dowlais. 

Plymouth. 

Penydarren. 

Tons*. 

Tons. 

Tons. 

Tons. 

Tons. 

1829 

8,644 

24,768 

23,352 

13,534 

10,085 

1830 

6,765 

19,892 

27,647 

12,177 

11,744 

1831 

6,903 

15,465 

22,075 

10,198 

11,819 

1832 

5,997 

22,668 

29,395 

9,200 

10,582 

1833 

6,964 

37,380 

35,072 

12,093 

12,150 

1834 

8,497 

34,952 

33,477 

12,073 

12,752 

1835 

9,261 

35,090 

39,145 

12,631 

12,834 

1836 

9>981 

34,654 

39,286 

13,573 

12,537 

1837 

9,830 

33,580 

38,914 

15,353 

12,834 

1838 

12,247 

36,986 

39,361 

16,143 

12,707 

1839 

11,307 

37,009 

40,495 

15,762 

15,540 

Total 

96,396 

332,444 

368,219 

142,737 

135,584 

Much  light  is  thrown  upon  the  progress  of  the  Souti  Wales 
iron  industries  in  the  following  returns : — 


Year. 

FURKACEtf. 

Pig  Iron 
Made. 

Built. 

In  Blast. 

1839 
1840 
1848 
1852 

N08. 
101 

163 
196 
162 

Nos. 
99 
132 
151 
135 

Tons. 
388,100 
505,000 
706,680 
635,000 
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Besuming  with  the  year  1854^  it  appears  that  there  were  154 
furnaces  built  in  South  Wales,  including  Monmouthshire ;  of 
these  100  were  in  blast,  making  750,000  tons  of  pig  iron ;  the 
total  production  of  the  furnaces  of  Great  Britain  in  the  same 
year,  when  555  were  in  blast,  being  8,069,838  tons. 

In  the  year  1857  and  since,  the  production  of  the  Glamorgan- 
'shire  furnaces  is  separately  distrnguished,  and  appears  in  the 
following  table,  with  the  average  make  per  furnace : — 

Glakoeoanshibe. 


1 

FURNACEB. 

Year. 

» 

Pig  Iron 
Made. 

Average  Make 
jier  Furnace. 

Built. 

In  Blast. 

Nor. 

Nos. 

Tons. 

Tons. 

1857 

87 

76 

436,859 

5,748 

1858 

89 

78 

451,043 

5,795 

1859 

89 

73 

539,470 

7,390 

1860 

89 

64 

617,525 

8,087 

1861 

82 

59 

453,821 

7,692 

1862 

82 

61 

441,869 

7,244 

1863 

82 

60 

439,722 

7,349 

1864 

.   82 

64 

461,822 

7,216 

1865 

81 

64 

408,416 

6,384 

1866 

83 

63 

455,000 

7,222 

1867 

76 

49 

403,050 

6,226 

1868 

75 

48 

399.291 

8,318 

1869 

79 

53 

348,475 

6,575 

1870 

75 

74 

478,243 

6,382 

1871 

72 

53 

510,087 

9,064 

1872 

71 

51 

462,041 

9,060 

1873 

78 

51 

424,384 

8.321 

1874 

78 

40 

330.484 

8,267 

1875 

78 

35 

249,667 

7,133 

1876 

59 

28 

321,754 

11.491 

1877 

76 

26 

342,478 

13,172 

1878 

75 

24 

•367,392 

15,308 

1879 

75 

23 

•332,174 

14,442 

1880 

74 

30 

•440,915 

14,697 

The  falling  off  in  the  average  yield  per  furnace  in  1880,  being 
due  to  the  additional  furnaces  being  in  operation  for  a  part  of  the 
jear  only. 

The  works,  owners,  and  number  of  furnaces  built  and  in  opera- 
tion in  the  year  1880  were  as  follows :  — 


•  This  quantity  includes  the  production  of  anthracite  pig  iron. 
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Glamobganshire. 


No. 


Kame  of  Works. 


Owners. 


1 
2 
3 
4 


6 

7 
8 

9 

10 

11 
12 
13 

14 
15 


Brjmamman . 
Llwydcoed 

Abemant  and  TafiVale  . 
Briton  Ferry    . 

Cwm  Avon,  Port  Talbot 

CyfarthfajMerthyr* 
Tniafaoh 
Dowlaisf . 

Llynri,  Maeateg  . 

Oadlys,  Aberdare 

Melin  Griffith  and  Pentyrch 
Plymouth,  Merth3rr . 
Penydarren  . 

i  Forest    Iron    and    Steel, 
\     Pontypridd. 

Tondu,  Bridgend . 

Total  of  Glamoiganshire 


} 

I 
} 

I 
{ 


.o..| 


Amman  Iron  Co. . 

The  Aberdare  and  Plymouth  Co., 

Limited 
Townshend,  Wood  &  Co. 
Governor   and   Co.    of  Copper 

Miners  in  Enghind 

Crawshay  Brothers 

Dowlais  Iron  Co.     . 

Llynvi,    Tondu,    and    Ogmore ) 

Coal  and  Iron  Co.,  Limited  j 
Waynes   Merthvr   Steam  Coal ) 

and  Iron  Works,  Limited  .  j 
Thos  W.  Booker  &  Co.,  Limited  . 
The  Aberdare  and  Plymouth  Co., 

Limited    .... 

Forest  Iron  and  Steel  Co.,  lim.  . 

LlynTi,   Tondu,    and    Ogmore ) 
Coal  and  Iron  Co.,  Limited .     j 


FURNACIS. 


Built. 


} 


Nob. 
3 

6 

2 

2 

10 

17 

6 

4 

3 

10 

7 

3 


In 
BUttt. 


Nos. 

0 
2 

2 

6 
13 

li 

0 

1 
0 
0 

2 
1 


74 


30 


The  following  account  of  the  Cyfarthfa  Iron  Works,  from 
"  Wilkin's  History  of  Merthjrr/*  written  a  quarter  of  a  century 
since,  will  possess  much  interest,  inasmuch  as  the  works  have 
been  recently  restarted,  after  an  interval  of  five  years'  inactivity: — 
"Cyfarthfa  Works  now  employ  4,000  to  5,000  men,  who  at  a 
rough  average,  may  be  said  to  support  20,000  souls.  There  are 
eleven  furnaces,  seven  mine  pits,  eight  coal  pits,  and  the  yield  of 
coal  is  1,000  tons  per  foot  thick  per  acre.  The  steam  and  water 
power  used  is  equal  to  more  than  4,000  horses,  and  the  works  in 
liill  force  can  produce  1,300  tons  of  pig  iron,  1,000  to  1,100  tons 
of  finished  bars  and  railway  iron  weekly.  Such  is  the  result  of  a 
minute  investigation  of  these  magnificent  works,  so  admired  for 
their  order  and  completeness.  Seen  by  night  by  the  traveller 
entering  Merthyr  from  the  Breconshire  valley  the  picture  is 
grand  in  the  extreme.  The  border  of  the  scene  cast  into  deeper 
darkness  by  the  brilliancy  of  the  glare  in  turn  adds  to  the  fiery 
glow  by  its  gloom.     Forked  tongues  of  flame  leap  up  defiantly, 

*  Operations  resamed  in  December,  1879,  the  works  h&Ting  been  standing  for 
seTeral  years.  In  the  beginning  of  1881  the  mannfactore  of  Bessemer  pig  iron 
was  commenced. 

f  One  famace  buildiDg. 
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and  the  very  smoke  is  forced  upwards,  as  it  were,  tinged  witli  a 
ruddy  glow.  Here  and  there  the  molten  iron  sends  forth  an 
intense  heat ;  myriads  of  fiery  stars  rush  into  the  open  air,  and 
the  clang  and  roar,  the  whirl  of  monster  wheels,  and  shrill  escape 
of  steam,  combine  to  form  one  of  the  grandest  pictures  of  the 
terrible  it  is  possible  to  conceive.  Entering  the  works  the  force 
of  the  picture  is  enhanced.  Standing  by  the  rolls  on  each  side 
are  hardy,  muscular  men,  wiry  and  active,  whose  duty  seems  to 
consist  in  pushing  long  red  hot  iron  rails  now  through  one  roller 
and  then  through  another,  until  they  become  of  the  required 
form  and  size.  The  dexterity  with  which  the  rails  are  handled  is 
most  startling.  One  moment's  hesitation  and  nervousness  would 
be  followed  by  an  accident,  but  there  is  no  hesitation  or  nervous- 
ness there.  Ribbon  in  a  Coventry  factory,  calico  on  a  Manchester 
loom,  cloth  in  a  Gloucestershire  mill,  wind  not  through  with  more 
care,  nor  are  they  handled  with  greater  freedom  and  sang  froid^ 
though  the  rail  is  600  pounds  weight  and  of  an  intense  white 
heat ;  watching  this  process  for  a  minute,  we  see  one  of  the  men 
suddenly  seize  hold  of  the  600  pound  rail  with  a  pincers,  pull  it 
vigorously  towards  him  and  then,  by  the  aid  of  a  roller,  run  away 
with  it  as  though  it  were  a  plaything,  to  a  place  where  a  saw, 
worked  by  machinery,  cuts  it  to  the  required  measurement,  scat- 
tering with  a  hideous  noise  a  thousand  fiery  sparks  around. 
Then  two  men  rush  to  each  end  and  fashion  them  off  smoothly, 
and  the  tortured  iron  is  drawn  out  to  cool.  Every  moment  this 
process  is  carried  on.  There  is  no  hesitation.  Every  man  takes 
up  his  task  like  an  automaton,  little  speaking  is  heard,  but  the 
toil  and  wear  of  the  human  machinery  in  this  hai*d  labour  must 
be  most  excessive." 

Antliracite  Fig  Iron. — ^The  reduction  of  the  ores  of  iron,  by 
the  agency  of  anthracite  in  the  blast  furnace,  is  of  comparatively 
recent  date,  and  the  industry  in  Great  Britain  is  confined  exclu- 
sively to  the  western  district  of  the  South  Wales  Coal  Field. 

The  successful  application  of  anthracite  as  a  reducing  agent 
dates  from  the  year  1836,  and  its  use  is  intimately  associated 
with  the  names  of  Mr.  James  Palmer  Budd,  of  the  Ystalyfera 
Iron  Works,  and  of  Mr.  George  Crane,  of  the  Yniscedwyn 
Iron  Works.  The  anthracite  furnaces  of  South  Wales  are  of 
small  volume  and  height  compared  with  the  furnaces  of  other 
districts;    their  average  height  may   be  taken  as  from  86   to 
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40  feet ;  of  late  years,  however,  there  is  a  tendency  to  increase 
not  only  the  height  hut  the  capacity  of  those  furnaces  in  which 
anthracite  is  employed.  Anthracite  in  high  furnaces  is  found 
attended  with  considerable  difficulties,  mainly  due  to  its  decrepi- 
tation tending  to  impede  the  smelting  operation ;  this  difficulty 
is  overcome  by  increasing  the  density  of  the  blast ;  the  pressure 
employed  varies  from  4  to  6  lbs.  to  the  square  inch,  while  the 
heated  air  of  the  blast  ranges  from  820°  to  600°  C.  Mr.  Crane, 
in  his  early  operations  at  Yniscedwyn  in  1887,  produced  by  the 
aid  of  anthracite  in  a  furnace  of  the  above  named  works  86  tons 
per  week.  In  the  following  year  it  appears  the  industry  was 
carried  to  the  far  west  by  a  Mr.  David  Thomas  from  South 
Wales,  who  erected  a  furnace  in  the  United  States  of  America, 
at  Maunch  Chunk,  in  the  Lehigh  VaUey,  State  of  Pennsylvania. 

Besuming  with  the  anthracite  districts  of  South  Wales,  the 
production  in  1889,  the  first  on  record,  it  appears  that  of  the  26 
furnaces  built,  28  were  more  or  less  actively  employed,  making  of 
anthracite  pig  iron  65,780  tons,  giving  an  average  make  per 
furnace  of  2,860  tons,  while  in  the  same  year  the  powers  of  pro- 
duction were  being  increased  by  the  erection  of  eleven  new 
furnaces.  The  make  of  pig  iron  in  Great  Britain  in  1889  is 
shown  in  the  annexed  table : — 


FURKACBS. 

District. 

Pig  Iron 
Made. 

Built 

In  Blast 

Tons. 

Derbyshire       .... 

16 

14 

34,372 

Durham  and  Northumberland 

5 

5 

13,000 

Gloucestershire 

8 

0 

18,200 

Lancashire  (oharcoal)  .        .     . 

2 

2 

800 

Shropshire        .... 

34 

29 

80,940 

Staffordshire,  North    .        .     . 

10 

3 

18,200 

Staffordshire,  South . 

226 

120 

346,213 

Wales,  North       .... 

20 

13 

33,800 

Wales,  South  .... 

101 

99 

388,100 

Wales  (Anthracite)      .        .     . 

26 

23 

65,780 

Yorkshire         .... 

29 

24 

52,416 

Scotland  (coke  iron)     .        .     . 

60 

54 

196,560 

Scotland  (charcoal)  . 

Total        .... 

2 

2 

400 

539 

393 

1,248,781 

Adyancing  to  the  year  1848,  there  appears  to  have  been  eight 


624 


GOAL  AKD  IRON  INDUSTEIES. 


[PABT  n. 


works  engaged  in  this  mannfacture,  with  81  famaces  built,  14  of 
which  were  in  blast,  producing,  as  has  been  ascertained  from 
reliable  sources,  between  60,000  and  65,000  tons  of  pig  iron. 
The  average  make  per  furnace  at  this  period  may  be  taken  as 
about  4,000  tons  per  annum.  In  the  subjoined  list  appears  a 
complete  account  of  the  works  in  South  Wales  in  1848,  in  which 
anthracite  was  employed  as  a  reducing  agent,  together  with  the 
number  of  furnaces  built,  in  blast,  and  the  owners. 


Name  of  Works. 

Owners. 

rURKACZS. 

Bailt. 

In  Blast. 

Brecknockshire — 

Yniscedwyn. 
Caermarthenanire — 

Ghrendraeth             .    . 

Trimsaren    . 

Bryn  Amman  .        .    . 
Glamorganshire — 

Banwen 

Onllwyn  .                .    . 

Yenalt. 

Ystalyfera               .    . 

Total     . 

Yniscedwyn  Iron  Co.     . 

T.  Watney  &  Co. 

E.  H.  Thomas 

L.  Llewellyn  &  Co.    .     . 

Joint  Stock  Co. 
John  Williams  .        .     . 
Aberdare  Iron  Co. . 
Ystalyfera  Iron  Co.   .    . 

7 

3 
2 
2 

2 

2 

2 

11 

3 

2 
0 
2 

0 
2 
0 
5 

31 

14 

For  a  few  years  the  production  was  well  maintained^  until 
1857,  since  which  it  has  gradually  diminished,  so  much  so  that 
in  the  year  1880  the  only  furnaces  producing  anthracite  pig  iron 
were  those  of  Ystalyfera,  with  eleven  still  standing  as  in  1848, 
of  which  four  only  were  in  blast,  the  estimated  production  not 
exceeding  14,000  or  15,000  tons  of  pig  iron. 

It  has  been  observed  that  some  varieties  of  anthracite  decrepi- 
tate in  a  surprising  degree  when  heated.  Dr.  Percy  refers  to 
specimens  which  he  received  from  Neath,  which,  on  the  applica- 
tion of  sudden  heat,  were  reduced  to  absolute  dust ;  and  it  is 
further  remarked  that  the  great  difficulty  experienced  in  the  use 
of  anthracite  arises  from  the  running  together  of  the  slag  and  the 
decrepitated  particles  of  anthracite  into  an  infusible  mass,  and 
gobbing  up  the  furnace. 

Following  the  production  of  anthracite  pig  iron  in  South 
Wales,  the  annexed  table  shows  the  number  of  furnaces  built, 
and  in  blast,  in  each  year  since  1855,  with  the  make  of  pig  iron, 
and  side  by  side  the  average  yield  per  furnace. 
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Anthbacite  Pio  Ibon. 


ruBKAoxa. 

South  Wales. 

Year. 

Average  make  per 
Furuace. 

BuUt. 

In  Blast. 

Pig  Iron. 

Tons. 

Tons. 

18d4 

34 

21 

•  •  • 

«  •  • 

1855 

34 

19 

52,755 

2,776 

lSd6 

36 

21 

62,400 

2,971 

1857 

36 

20 

63,440 

3,172 

1858 

36 

16 

50,774 

3,173 

1859 

36 

18 

58,920 

2,162 

1860 

35 

16 

52,260 

3,266 

1861 

31 

14 

50.740 

3,643 

1862 

32 

9 

30,375 

3,374 

1863 

31 

9 

22,944 

2,549 

1864 

29 

9 

26,595 

2,955 

1865 

29 

9 

29,213 

3,246 

1866 

24 

11 

34,516 

3,138 

1867 

25 

11 

35,506 

3,228 

1868 

23 

11 

38,143 

3,468          , 

1869 

23 

9 

27,909 

3,101          1 

1870 

23 

9 

28,500 

3,166 

1871 

19 

8 

34,761 

4,345 

1872 

13 

8 

25,678 

3,209          1 

1873 

13 

8 

32,822 

4,103 

1874 

13 

7 

23,760 

3,3W 

1875 

13 

7 

29,889 

4,270 

1876 

13 

6 

20,421 

3,403 

1877 

13 

4 

♦ 

• .  • 

1878 

11 

4 

« 

•  •  • 

1879 

11 

4 

« 

.  •  • 

1880 

11 

4 

♦ 

•  ■  • 

As  previously  remarked,  the  height  and  capacity  of  the  anthra- 
cite furnaces  have  increased  in  late  years ;  this  is  best  shown  in 
the  average  yield  per  furnace,  taking  the  year  1855,  when  19 
furnaces  produced  52,755  tons,  the  average  yield  was  2,776  tons, 
compared  with  4,270  tons  per  fiimace  in  1875,  when  the  make  of 
7  furnaces  was  29,889  tons.  The  only  works  since  1876  engaged 
in  South  Wales  in  the  production  of  anthracite  x>ig  iron,  are 
those  of  the  Ystalyfera  Iron  Company,  the  Yniscedwyn  Company 
having  discontinued  the  manufacture  in  the  above  named  year. 

Having  generally  traced  the  production  of  pig  iron  in  the 
South  Wales  area,  distinguishing  that  made  in  the  bituminous 
and  anthracite  districts,  as  well  as  in  each  county,  in  the  coal- 
fields in  which  the  iron  industiies  are  located,  it  only  remains 


*  Estimated  production  between  14,000  and  15,000  tons. 
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to  summarise  the  returns  of  each  district  and  arrive  at  the 
total  yield  of  the  furnaces  in  South  Wales.  To  this  table  is 
appended,  the  total  nimiber  of  furnaces,  built  and  in  blasts  in 
each  of  the  same  years ;  the  result  being  as  follows  : — 


Year. 

BITHMIKOUS  DISTRICT. 

ANTHRACITB 
DISTRICT. 

Total.  South  Wales. 

FURVACBB. 

Monmouth- 
shire. 

Brecknock- 
shire. 

Giamorgan- 
sliire. 

Glamorgan, 
Brecknock. 

Pig  Iron. 

Bailt 

In  Blast 

Tons. 

Tons. 

Tons. 

Tons. 

No. 

No. 

Tons. 

1854 

»  •  • 

• .  • 

•  •  • 

•  •• 

ft  •  « 

121 

750,000 

1855 

* 

« 

787,315 

52,755 

•  •  • 

148 

840,070 

1856 

♦ 

♦ 

814,750 

62,400 

199 

162 

877,150 

1857 

399,649 

70,779 

436,859 

63,440 

207 

164 

970,727 

1858 

315,124 

69,537 

451,043 

50,774 

199 

147 

886,478 

1859 

327,300 

59,600 

539,470 

58,920 

213 

147 

985,290 

1860 

349,670 

49,570 

517,525 

52,260 

214 

139 

969,025 

1861 

338,439 

43,300 

453,821 

50,740 

200 

137 

886,300 

1862 

382,065 

39,000 

441,869 

30,375 

197 

125 

893,309 

1863 

349,387 

35,700 

439,722 

22,944 

197 

123 

847,753 

1864 

415,174 

34,260 

461,822 

26,595 

197 

133 

937,621 

1865 

357,656 

49,750 

408,416 

29,213 

195 

128 

845,035 

1866 

410,000 

27,750 

455,000 

34,516 

193 

132 

927,454 

1867 

418,235 

29,443 

403,050 

35,506 

185 

115 

886,234 

1868 

427,821 

29,000 

399,291 

38,143 

184 

108 

894,255 

1869 

392.387 

32,201 

348,475 

27,909 

178 

112 

800,972 

1870 

440,450 

32.000 

478,243 

28,500 

174 

114 

979,193 

1871 

470,982 

30,086 

510,087 

34,761 

167 

112 

1,045,916 

1872 

481,342 

28,504 

465,603 

25,678 

154 

114 

1,002,643 

1873 

360,583 

nil 

424,384 

32,822 

148 

101 

817,789 

1874 

360,480 

nil 

330,484 

23,760 

139 

88 

714,724 

1875 

362,253 

nil 

249,667 

29,889 

153 

79 

541,819 

1876 

413,946 

nil 

321,754 

20,421 

134 

69 

756,121 

1877 

368,480 

nil 

t342,478 

• . . 

150 

60 

710,958 

1878 

373,744 

nil 

t367,392 

• . . 

145 

57 

741,136 

1879 

337,684 

nil 

t332,174 

• . . 

145 

54 

669,858 

1880 

448,823 

nil 

t440,915 

... 

141 

69 

889,738 

The  returns  for  the  j'ears  1871  and  1872  show  a  great  increase, 
due,  as  it  may  be  remembered,  to  the  prosperity  reigning  in 
those  years ;  the  causes  of  decline  would  in  themselves  present 
an  interesting  chapter ;  however,  happily  a  new  state  of  things 
now  prevails,  and  a  return  of  prosperity  to  the  iron  and  other 
industries  of  the  kingdom  is,  it  is  to  be  hoped,  now  set  in. 

Monmoathsliire  Mills  and  Forges,  and  Bessemer  Steel  Works. 
— These  important  works  have  existed  from  an  early  period  in  the 

*  Prodaction  iacluded  in  the  Qlamorganshire  retams  in  1855  and  1856. 
t  Prodaction  of  anthracite  pig  iron  incladed  in  this  quantity. 
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Monmouthsliire  extension  of  the  South  Wales  coal-field.  The 
•earliest  forges  in  operation  employed  charcoal  and  were  esta- 
iblished  in  the  neighbourhood  of  Pontypool  as  far  back  as  the 
16th  century :  at  a  later  period  numerous  works  were  established 
•on  the  banks  of  the  EBbw  river,  Tredegar  Park,  and  Machen. 
In  the  early  part  of  the  present  century  there  existed  eleven  such 
works  in  Monmouthshire  in  which  charcoal  was  exclusively  em- 
ployed, of  which  the  following  is  a  list  :* — 

70IIQS8.  PBOPBIXTORS. 

Abercame Bei^jamin  Hall  &  Co. 

Bassoleg Harfords  &  Co. 

Caerleon T.  Boiler  &  Co. 

Gellywasted Harfords  &  Co. 

Macnen ,, 

Monmoath Assignees  of  David  Tanner. 

Llanvillio 

Newport Sir  Robert  Salisbury  &  Co. 

Pon^pool Capel  Leigh  &  Co. 

Tintem  Abbey Thomson  &  Co. 

Trostre Harvey  &  Co. 

Of  these  works  those  at  Abercarne  and  Tintern  Abbey  pos- 
sessed furnaces,  and  wire-works,  in  addition  to  the  forges.  Not 
again  until  the  year  1860,  when  the  fii'st  published  list  appeared 
in  the  "  Mineral  Statistics  of  the  United  Kingdom,"  is  any 
reliable  information  available ;  in  that  year,  however,  there  were 
16  works,  of  which  18  were  in  Monmouthshire  and  8  in  Breck- 
nockshire, with  a  total  of  845  puddling  furnaces,  and  40  rolling 
mills.  Since  1860  the  powers  of  production  of  many  of  these 
works  have  been  greatly  increased,  while  a  few  have  been  stand- 
ing and  others  dismantled.  The  works  and  their  resources  stood 
as  follows  in  each  of  the  years  named  : — 


Year. 

No.  of  Works. 

Puddling  Furnacett. 

Boiling  Mills. 

I860 
1870 
1875 
1880 

16 
12 
13 

13 

570 
577 
597 
209 

60 
49 
54 
41 

The  annexed  list  gives  the  several  works  in  Monmouthshire  and 
Brecknockshire,  with  the  numbers  of  puddling  furnaces  and  roll- 
ing mills  in  operation  in  the  year  1880  : — 

*  See  "  General  View  of  the  Agricalturcof  the  County  of  Monmouth,'*  by  Charles 
HassaU,  1812. 
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No. 

Works. 

Name  of  Finns. 

Paddling 
Fnmacefl. 

Rolling 
MUls. 

Monmouikehire — 

1 

Abersychan    . 

Ebbw  Vale  Iron  Co.      . 

•  «  • 

... 

2 

Victoria     .    . 

>»                         •    • 

•  •  • 

•  • . 

3 

Ebbw  Vale     . 

»>                     •        • 

64 

17 

4 

Pontypool .    . 

f>                         • 

20 

4 

5 

Blaina    . 

(  Nantyglo  and  Blaina  Iron  ) 
/      Works  Co.,  Limited         ( 

•  •  ■ 

•  •  • 

6 

Nantyglo 

If 

•  •  • 

•  ■  • 

7 

Blaenayon 

(Blaenayon  Iron  and  Steel) 
}     Co.,  Limited        .        .     ] 

•  ■  • 

»■  • 

8 

Pontnewynydd 

W.  T.  Henley 

•  •  • 

• 

9 

Bhynmey 

Bhyraney  Iron  Co.,  Limited 

18 

7 

10 

Tredegar    .    . 

(  Tredegar  Iron  and  Coal  Co., ) 
(      Limited       .        .        .     f 

72 

5 

11 

OakfieldB 

James  C.  Hill  &  Co.,  Lim.    . 

12 

4 

12 

Cwmbran 

Patent  Nat  and  Bolt  Co. 

23 

4 

Total  Monmoutbsbire 

209 

41 

Brecknockshire — 

1 

Coedcae 

The  Welsb  Iron  Works  Co.  . 

•  •  • 

•  •  • 

The  only  works  in  Monmouthshire  where  steel  is  produced  by 
the  system  associated  with  the  name  of  Sir  Henry  Bessemer  are 
those  of  the  Ebbw  Vale  Company ;  these  works  were  established 
in  the  year  1866,  and  at  the  present  time  possess  six  convertors, 
four  of  which  have  a  capacity  of  eight  tons  and  two  a  capacity  of 
ten  tons  each ;  six  cupolas  being  employed  for  supplying  molten 
metal  to  the  convertors.  When  actively  employed  these  works  can 
produce  1,000  tons  of  steel  ingots  per  week,  while  one  of  the  rail 
mills  have  been  known  in  a  single  week  to  turn  out  800  tons  of 
finished  rails.  It  was  at  these  works  that  "  speigelcisen "  was 
first  manufactured  in  this  country,  due  to  the  energy  and  activity 
of  Messrs.  Richards  and  Parry,  the  engineer  and  chemist  to  these 
extensive  works. 

Coal  nsed  in  Mills  ajid  Forges. — In  these  and  the  Tin  Plate 
Works  in  Monmouthshire  and  Brecknock  in  the  year  1873,  the 
total  consumption  of  coal  may  be  set  down  as  not  less  than 
600,000  tons,  but  it  will  be  remembered  that  during  a  period  of 
three  months  the  tin  plate  works  were  affected  by  a  strike,  which 
had  the  effect  of  diminishing  the  consumption  of  fuel  by  at  least 
100,000  tons  ;  while  in  the  year  1880  it  probably  did  not  exceed 
460,000  tons.     The  average  consumption  of  coal  in  the  j>uddling 
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furnaces  of  this  district  may  be  set  down  as  varying  from  1,000 
to  1,100  tons  per  annum. 

Olamorgaiuiliire  Millii  aad  Forges.  BeMem«r  Steel  Worb. 
— Here,  as  in  Monmouthshire,  mills  and  forges  were  in  active 
operation  cotemporary  with  the  great  iron  works  which  have  long 
flourished.  In  the  year  1860  there  were  16  of  these  malleable 
works  in  operation,  with  628  puddling  furnaces  and  69  rolling 
mills ;  the  resources  since  that  period  have  been  greatly  augmented. 
The  extent  to  which  the  works  in  Great  Britain  have  extended 
from  1860  to  1875  is  considerable,  in  the  first  named  year,  208 
works  were  in  operation,  increased  to  814  in  1875,  the  number  of 
puddling  furnaces  increasing  from  8,462  to  7,575,  and  the  rolling 
mills  from  482  to  909  in  each  of  the  same  years. 

Of  the  iron  works  established  since  1860  many  have  been 
closed  for  the  past  four  or  five  years,  and  some  have  been 
entirely  dismantled.  The  depreciation  in  the  finished  iron  trade 
referable  to  Glamorganshire,  may  be  gathered  from  the  fact,  that 
in  1870  there  were  568  puddling  furnaces  in  operation,  compared 
with  840  in  the  year  1877,  and  308  in  the  year  1880.  The 
Dowlais  Iron  Works  are  the  most  extensive,  with  150  puddling 
furnaces  and  15  rolling  mills ;  of  these  65  furnaces  and  15  mills 
were  in  operation  in  the  year  1880.  The  Dowlais  Company  also 
possess  important  Bessemer  steel  works,  the  first  introduced  into 
this  countiy.  These  were  started  in  June,  1865;  they  at  the 
present  time  consist  of  six  convertors,  two  with  a  capacity  of  five 
tons,  two  of  six  tons,  and  two  of  seven  and-a-half  tons,  or  a  total 
capacity  of  37  tons,  together  with  the  usual  blowing  and  hydraulic 
machinery.  The  Dowlais  works  in  activity  are  capable  of  pro- 
ducing 1,500  tons  of  steel  per  week,  consisting  chiefly  of  railway 
bars  and  fastenings.  In  addition  to  which  there  are  six  furnaces 
constructed  on  the  Siemens  Martin  system ;  the  steel  made  by 
this  process  is  employed  for  all  purposes  in  which  soft  steel  is 
ordinarily  applied.  In  England  it  is  used  for  casting  screw  pro- 
pellers, and  for  various  other  high  class  steel  castings. 

At  the  celebrated  French  works  at  Creusot,  steel  containing 
10  per  cent,  of  carbon  is  manufactured  by  this  process,  and  is 
used  for  piston  rods,  and  other  parts  of  steam  engines,  boiler 
plates,  and  more  recently  for  shipbuilding. 

Another  important  establishment  to  refer  to,  is  the  Landore  Sie- 
mens Steel  Company  Works,  situated  at  Landore,  near  Swansea : 
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the  works  consist  of: — Two  blast  furnaces  with  Cowper's  patent 
stoves,  turning  out  when  fully  occupied  600  tons  of  pig  iron  per 
week ;  24  Seimens'  regenerative  steel  melting  furnaces,  making 
on  an  average  65  tons  of  steel  per  week ;  eight  steam  hammers 
of  eight  tons  each,  one  four  tons,  and  one  two  tons  for  making 
blooms  for  rails,  tyres,  &c.,  and  for  forgings;  two  rail  mills 
complete  with  saws,  straightening  and  other  machines  capable  of 
making  1,300  tons  of  finished  rails  per  week ;  beyond  these  are 
a  tyre  mill  complete,  bar  mill  for  steel  bars  of  all  kinds,  wire  mill 
for  rolling  wire  rods ;  83  Siemens  gas  heating  furnaces,  for 
heating  ingots  and  blooms  for  hammer  and  mills,  with  producers 
for  making  the  necessary  gas ;  100  coke  ovens  for  supplying  coke 
to  blast  furnaces ;  brick-works  for  making  the  necessary  bricks 
for  the  melting'and  other  furnaces.  The  company  also  employ 
64  steam  engines  of  all  sizes,  besides  five  locomotives,  foundries 
for  casting  both  in  steel  and  iron,  and  fitting  shops.  The  coal 
properties  of  the  company  comprise  all  varieties  of  coal,  coking 
coals,  and  anthracite,  ensuring  an  unlimited  supply  of  fuel ;  and 
in  the  steel  works,  when  actively  engaged,  upwards  of  2,000  men 
are  employed. 

Coal  used  in  Mills  ajid  Forges  (Glamorganshire). — In  the 
years  1872  and  1873,  when  it  was  first  attempted  to  gather 
information  on  this  subject,  it  was  ascertained  that  not  less^ 
than  from  750,000  to  800,000  tons  were  employed,  including 
that  used  in  tin  plate  manufacture,  and  even  this  last  quantity  is 
believed  to  fall  short  of  that  actually  consumed ;  it  is,  however, 
stated  on  reliable  authority  that  the  average  consumption  of  coal 
in  the  mills  and  forges  of  Glamorganshire  is  about  from  1,200 
tons  to  1,300  tons  per  annum  in  the  manufacture  of  500  tons  of 
bars  or  rails,  it  being  also  generally  regarded  that  from  five  to  five 
and-a-half  tons  of  coal  are  required  to  bring  each  ton  of  bars  or 
rails  into  their  finished  state. 

The  works  of  Glamorganshire,  showing  the  number  of  puddling, 
furnaces  and  rolling  mills,  were  as  follows  in  the  years  given : — 


War. 

No.  of  Works. 

Puddling  Furnaces. 

Boiling  MiUs. 

1870 
1875 
1880 

17 

18 
18 

568 
526 
308 

90 
85 
72 

The  list  of  the  works  in  the  last-named  yesLT,  with  the  numbers 
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of  puddling  furnaces  and  rolling  mills  in  operation,  appear  in  tlie 

annexed  table : — 

Glamoroakshibe. 


Name  of  Finn. 


1 
2 


0 

7 
8 

9 

10 
11 
12 

13 

14 

15 
16 

IT 

18 


Brjmamman  • 

Margam,  Taibaeh 

Clydach    . 

Qadlys  .        .        .    . 

Llyiivi 

( Abemant^'Tair  Vale  > 
(      and  Lewydcoed  j 
Aberaman . 
(  Melin  Griffith  and  |^ 
I      BentjTch       .    ) 

Penydarran 

Briton  Ferry 
Cyfiirihfa  . 
Dowlais 

Plymouth . 

Cwm  Avon,  Taiboch 

Tstalyfera 
Pontardawe  . 

Tondu,  Bridgend 
College . 


Amman  Iron  Co. 

Robt  B.  Byass  &  Co.  . 
I  Bymmawr  Coal  and  Iron  Co., ) 
\  Limited  .  .  .  f 
I  Waynes  Merthyr  Steam  Coal ) 
)  and  Iron  Works  Co.,  Llro.  ( 
i  Llynvi,  Tonda  and  Ogniore  \ 
{      Coal  and  Iron  Co.    .       .   j* 

Aberdare  Iron  Co. 

Powell  DuflVyn  Steam  Coal  Co. 

Tbo8.  W.  Booker  &  Co.     . 

(  The  Aberdare  and  Plymouth  \ 
\       Co.,  Limited  ...     J 
Townsend,  Wood  d(  Co.     . 
Robt.  Crawshay    .        .        .    . 
Dowlais  Iron  Ck). 
(  The  Aberdare  and  Plymouth  ) 
(      Co.,  Limited  .       .       .     f 
( Governor  and    Company   of  j 
\      Copper  Miners  Successors  ) 
Vstalyfera  Iron  Co.       .        .    . 
W.  Gilbertson  &  Co.  .       . 

(  Llynvi.  Tondu  and  Ogmoro ) 
(      Coal  and  Iron  Co.        .        ) 

{Thomas  Protberoe  GwiUein  ^ 
and  Thomas  Williams    .    ) 


Nejirest  Port  or 


Llanelly  . 
Abenivon  . 

Abeiigaveuny 
Aberdare    . 
Bridgend 
Aberdare 

CardiflT    . 

II         ■    • 

Briton  Fernr 
Merthyr  Tydfll 

•I 

Port  Talbot 
Swansea 

Tondu 
LlandafT . 


Total  of  County 


No  of 
Puddling 
Furnaces. 

No.  of 

Rolling 

Mills. 

10 

•  • 
■  ■ 

2 

•  • 

33 

•  • 

•  • 

4 

•  * 

1 

■  ■ 

14 

•  • 

43 
tfl 
60 

•  • 

■  • 

4 

5 

lb 

m    • 

•  • 

42 
12 

•  • 

10 
0 

23 

3 

12 

3 

308 

72 

Coal  used  in  Pig  Iron  Xaau&cture  (Monmontlishire). — In  all 

the  early  returns  bearing  on  the  use  of  coal,  the  returns  of  Mon- 
mouthshire are  included  in  those  of  South  Wales.  In  the  year 
I8289  however,  it  was  ascertained  that  five  and-a-half  tons  of  coal 
was  used  in  each  ton  of  pig  iron  manufactured.  The  results 
attained  by  the  Boyal  Coal  Commission  show  that  in  the  year 
1869  the  average  quantity  employed  did  not  exceed  three  tons, 
which  included  the  necessary  fuel  for  raising  steam,  engine  fires 
blowing  the  blast,  &c.  About  the  year  1878  a  select  committee 
of  the  House  of  Commons  was  appointed  to  inquire  into  the  high 
price  of  coal.  It  was  at  this  juncture  that  the  Mining  Eecord 
Office,  at  the  direction  of  the  committee,  made  a  special  inquiry" 
with  a  view  of  ascertaining  the  actual  quantity  of  coal  used  in 
the  iron  manufactures  of  the  kingdom,  and  the  result  was  most 
satisfactory,  inasmuch  as  it  showed  that  considerable  economy  in 
the  use  of  coal  in  the  blast  furnace  had  been  secured. 

In  the  Monmouthshire  furnaces  in  1878  it  was  subsequently 

*  Foot  doable  and  three  single  famaceB. 
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ascertained  that  48  cwts.  of  coal  was  tlie  average  quantity  used  in 
the  manufacture  of  each  ton  of  pig  iron ;  in  the  Glamorganshire 
furnaces  49  cwts.  was  the  average ;  while  in  the  anthracite  fur- 
naces it  amounted  to  50  cwt. ;  and  taking  all  the  iron  works  in 
the  kingdom  it  did  not  exceed  61  cwts. ;  while  in  Scotland, 
where  raw  coal  was  exclusively  employed,  the  average  reached 
55  cwts.  of  coal  to  each  ton  of  pig  iron  made. 

As  the  consumption  of  fuel  in  the  manufacture  of  pig  iron  will 
form  the  subject  of  inquiry  in  a  future  page  it  will  be  only  neces- 
saiy  here^  as  in  other  districts,  to  record  carefully  the  actual 
quantities  employed,  as  they  appear  in  the  official  returns,  noting 
the  average  consumption  of  fuel  to  each  ton  of  pig  iron  made, 
at  the  same  time  observing  that  in  all  cases  where  coke  has  been 
employed  its  equivalent  in  coal  has  been  computed ;  thus,  in  the 
following  years,  the  annexed  figures  show  the  quantities  of  pig 
iron  made  of  coal  used  and  the  average  quantity  of  coal  to  each 
ton  of  pig  iron  made,  which  includes  all  purposes  in  which  heat 
is  required,  also  the  economy  secured  by  the  utilisation  of  the 
waste  gases,  which  of  late  years  have  been  considerable : — 

Monmouthshiiue:  (BrruMnrous). 


Year. 

FURNACES. 

Piff  Iron 
Modo. 

Coal  Used. 

Coal,  per 
ton. 

Built. 

In  Blast 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

63 
62 
62 
62 
62 
62 
57 
57 
56 

49 
42 
41 
37 
35 
30 
29 
27 
35 

Tons. 
465,603 
360,583 
360,480 
262,253 
413,946 
368,480 
373,744 
337,684 
448,823 

Tons. 

1,117,626 
867,640 
901,200 
577,272 
879,732 
832,723 
879,721 
769,894 

1,045,449 

Cwts. 
48 
48 
50 
44 
43 
45 
47 
45^ 
46 

Coal  used  in  Manu&cture  (Glamorganshire). — ^In  the  furnaces 
of  Glamorganshire,  in  the  bituminous  coal  districts,  it  has  been 
ascertained  that  about  the  year  1830  four  tons  of  coal  were 
consumed  in  the  manufacture  of  .each  ton  of  iron.  In  South 
Staffordshire  in  the  same  year  the  average  varied  from  six  to  six- 
and-a-half  tons,  while  in  Scotland  where  raw  coal  was  chiefly 
employed,  the  quantity  varied  from  seven-and-a-half  to  eight  tons. 
A  very  different  state  of  things  now  exists,  increased  economy 
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being  secured,  by  the  many  improvements  introduced  into  the 
smelting  operations  of  the  blast  furnace  since  that  date,  all  of 
which  will  be  generally  referred  to. 

With  the  year  1872  fairly  reliable  information  is  at  hand,  show- 
ing the  consumption  of  fuel,  and  in  the  following  summary  will  be 
seen  the  proportion  of  fuel  consumed  to  each  ton  of  pig  iron  made 
in  the  furnaces  of  Glamorganshire  in  which  bituminous  coal  was  ex- 
clusively used : — 

Qlamorgai^shibe  (BrruMiNous). 


Year. 

FURKA.CBS. 

Pig  Iron  Made. 

Coal  Used. 

Coal  per 
ton. 

Built 

In  Rlut 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

71 

78 
78 
78 
59 
76 
75 
75 
74 

51 
51 
40 
35 
28 
26 
24 
23 
30 

Tons. 
462,041 
424,384 
330,484 
249,667 
321,754 
342,478 
367,392 
332,174 
440,915 

Tons. 
1,172,453 
1,047,245 
668,769 
531,036 
660,558 
739,274 
755,126 
684,249 
922,155 

Cwta. 
50 
49i 
40 
42^ 
41 
43 
41 

4U 

41| 

Some  little  variation  appears  in  the  last  column  in  the  average 
quantities  of  coal  used  to  each  ton  of  iron  made ;  however  the 
figures  as  a  whole  show  economy. 

In  Brecknockshire  in  the  year  1872,  the  last  year  in  which  it 
appears  as  an  iron  producing  district,  the  28,504  tons  of  pig  iron 
made  in  the  Beaufort  furnaces,  with  the  expenditure  of  88,519 
tons  of  coal,  gives  an  average  of  62  cwts.  of  coal  to  each  ton  of 

pig  iron  made. 

Coal  used  in  Mann&ctnre  (Anthracite  Furnaces). — Atten- 
tion has  been  already  called  to  the  use  of  anthracite  as  a  reducing 
agent  in  the  smelting  of  the  ores  of  iron  in  the  blast  furnace,  and 
accomplished  at  the  Yniscedwyn  Iron  Works  by  Mr.  George 
Crane,  in  the  year  1886,  and  by  Mr.  J.  Palmer  Budd,  of  the 
Ystalyfera  Iron  Works  in  the  same  year.  Anthracite  possesses 
many  characteristics,  and  these  are  clearly  described  by  Dr.  Percy, 
in  his  recent  Metallurgical  volume  on  Fuel: — "It  is  very 
compact,  deep  black,  both  when  massive  and  in  powder ;  bright, 
occasionally  somewhat  bronzelike,  or  sub-metallic  in  lustre, 
brittle,  uneven,  or  conchoidal  in  fracture ;  it  does  not  soil  the 
fingers ;  it  bums  with  a  feebly  luminous  flame,  and  is  much  less 
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easily  combustible  than  other  kinds  of  coal,  and  when  heated 
does  not  in  the  least  sinter;  some  varieties  decrepitate  con- 
siderably, eyen  when  gradually  heated."  When  conyerted  into 
coke,  the  small  is  selected  and  in  admixture  with  caking  coals, 
pitch  or  coal  tar,  in  varying  proportions,  is  heated  at  a  high 
temperature. 

Anthracite,  owing  to  its  density  and  purity,  yields  pig  iron  of 
good  quality,  and  in  order  to  overcome  its  decrepitation  in  the 
furnace,  and  secure  satisfactory  residts,  hot  blast  of  a  high 
pressure  must  be  employed.  The  average  quantity  of  anthracite 
used  in  the  manufacture  of  pig  iron  is  variously  stated ;  some 
twenty-five  years  since  it  exceeded  50  cwts. ;  but  in  recent  years, 
as  far  as  can  be  ascertained,  it  has  varied  from  48  cwts.  to  50 
cwts.  In  one  instance  at  the  YniscedwjTi  works,  it  appears  on 
the  authority  of  Mr.  S.  Kenyon  Rogers,  that  his  imcle,  Mr.  Black- 
well,  at  the  above-named  works,  made  pig  iron  with  a  consumption 
of  18  cwts.  2  qrs.  and  9  lbs.  of  anthracite  per  ton.  In  the 
anthracite  furnaces  of  South  Wales  a  pressure  of  blast  of  from 
4  to  6  lbs.  is  used ;  while  in  the  anthracite  furnaces  of  Pennsyl- 
vania, in  the  United  States,  of  larger  capacity,  the  pressure  varies 
from  6J  to  7^  lbs.  pressure  on  the  square  inch. 

In  all  the  computations  where  fuel  is  used  in  the  manufacture 
of  pig  iron,  it  will  be  understood  that  the  quantity  for  heating 
the  blast,  &c.,  is  included ;  in  the  case,  however,  above  referred 
to,  of  Mr.  Blackwell's  experiment,  in  addition  to  the  18  cwts. 
2  qrs.  and  9  lbs.  employed  in  the  blast  furnace,  a  further 
amount  of  8  cwts.  8  qrs.  and  11  lbs.,  was  used  for  the  heat- 
ing of  the  boilers  in  raising  steam,  making  the  total  quantity 
of  anthracite  used  27  cwts.  1  qr.  20  lbs.  to  each  ton  of  pig  iron 
made.  The  x)ig  iron  thus  manufactured,  it  should  be  stated, 
was  particularly  suitable  for  conversion  into  steel,  on  account 
of  the  freedom  of  the  anthracite  from  sulphur.  An  average 
sample  of  anthracite  employed  in  smelting,  contains  of  sulphur 
0*70  per  cent.,  of  ash  9*14  per  cent. ;  the  ash  consisting  of 
silicate  of  alumina,  a  small  quantity  of  lime,  and  a  trace  of 
peroxide  of  iron.  Sulphur  is  always  present  in  coal,  in  combina- 
tion with  iron  pyrites,  or  bisulphide  of  iron,  from  which  no  coal  is 
entirely  free,  and  is  either  disseminated  through  the  mass,  so  as 
to  be  invisible,  or  occurring  in  laminse  of  a  brass  yellow  colour, 
and  sometimes  in  layers  or  nodules  of  considerable  size* 


CHAP.  XV.]  IRON   INDUSTRIES   OF   SOUTH  WALES,  C3& 

Previous  to  the  introduction  of  apparatus  at  the  mouth  of  the 
blast  furnace,  for  the  collection  and  utilisation  of  the  waste  gases^ 
it  has  been  estimated  that  fully  two-thirds  of  the  total  quantity 
of  heat  produced  in  the  blast  furnace  escaped  and  was  lost.  The 
problem  was  solved  at  the  Ystalyfera  Iron  Works  by  Mr.  Budd^ 
and  considerable  economy  has  been  the  result  It  would  appear 
that  the  first  idea  for  utilising  the  heat  of  the  gases  and  vapours 
escaping  from  the  funnel  head,  was  to  conduct  this  hot  air  through 
the  hot  air  stove,  and  use  it  instead  of  coal  for  heating  the  air 
which  was  to  be  blown  into  the  Aimace.  In  carrying  out  this 
arrangement  Mr.  Budd  states  that  he  constructed  his  stoves  for 
cheating  the  blast  in  such  a  manner  that  a  portion  of  the  hot 
gaseous  escape  from  the  top  of  the  furnace  was  drawn  through 
them  and  thus  economised ;  previous  to  the  introduction  of  this 
arrangment  the  three  stoves  required  to  heat  the  blast  at  the 
Ystalyfera  furnaces  consumed  85  tons  of  coal  a- week,  and  required 
the  attendance  of  two  men. 

These  gases,  it  should  be  stated,  entered  the  stove  at  a  tem- 
perature of  1800''  Fahr.,  and  left  it  at  about  800°  Fahr.,  while  the 
temperature  required  for  the  blast  did  not  exceed  600°;  thus  it 
will  be  seen  that  the  heated  gases  above,  without  any  access  of 
air,  supplied  more  than  the  heat  required,  the  gases,  it  must  be 
remembered,  escaping  at  such  a  temperature  that  if  air  was  ad- 
mitted to  them  they  would  at  once  burst  into  combustion,  and 
thus  form  another  source  of  heat  which  has  been  utilised  in  many 
of  the  iron  works  of  the  kingdom  in  raising  steam,  and  experience 
shows  that  the  higher  the  temperature  of  the  blast  employed 
in  the  furnace  the  less  fuel  will  be  required,  while  in  every  case 
the  waste  gases  from  the  blast  furnaces  woidd  be  found  sufficient 
to  heat  the  blast,  and  produce  all  the  steam  required  for  the  blast 
furnaces,  and  that  in  addition  they  might  be  used  to  calcine  the 
mine-* 

Taking  the  actual  returns  of  pig  iron  made  in  the  anthra- 
cite furnaces  in  the  year  1872,  when  eight  furnaces  produced 
25,678  tons,  consuming  72,892  tons  of  anthracite,  an  average 
consumption  of  56  cwts.  appears  to  each  ton  of  iron  made :  this 
appears  excessive ;  however  it  doubtless  includes  all  fuel  used. 

In  the  annexed  table  is  given  the  number  of  furnaces  built  and 

*  A  term  commonly  ussd  in  South  Wales  for  ore. 
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in  blasty  the  pig  iron  made,  coal  used^  and  the  average  quantity 
per  ton,  in  the  anthracite  fdmaces : — 

Glahobgai^shibe  (Ajtthbacite). 


Year. 

rCTRNACXS. 

Pig  Iron 
Made. 

Coal  Used. 

Avenge  of 

Coal  per 

Ton. 

BttUt 

In  Blast 

1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

No. 
13 
13 
13 
13 
13 
13 
13 
13 
11 

No. 
8 
8 
7 

7 
6 
4 
4 
4 
4 

Tons. 
25,678 
32,822 
23,760 
29,889 

20,421 
♦ 

* 

* 

* 

Tons. 
72,392 
81,837 
57,240 
61,169 
52,997 

•  ■  • 

•  ■  * 

•  •  • 

•  •  • 

Cwte. 
56 
50 
49 
41 
51 

• 

•  •  • 

■  •  • 

•  •  • 

•  •  « 

The  average  consumption  of  coal  used  as  stated  above  in  the 
jear  1875  as  41  cwts.  is  clearly  far  below  the  quantity  employed, 
however,  it  appears,  that  if  the  average  be  taken  at  50  cwt.  it  will 
be  very  near  the  exact  quantity. 

Coal  used  in  Pig  Iron  Mannfactnre  in  Sonth  Wales. — The 
production  of  pig  iron  and  of  coal  used,  in  each  division  of 
the  South  Wales  mineral  field,  has  been  considered ;  namely, 
the  bituminous  districts  of  Monmouthshii*e  and  Brecknock- 
rshire,  Glamorganshire,  and  the  district  in  which  anthracite 
is  exclusively  employed.  The  next  step  will  be  to  follow  the 
production  of  pig  iron  and  of  coal  used  in  South  Wales  as  one 
district,  and  trace  the  progress  of  the  economy  in  the  use  of  fuel. 
It  has  been  previously  stated  that  about  the  year  1830  four  tons  of 
<;oal  was  the  average  quantity  employed  in  producing  each  ton  of 
pig  iron  in  South  Wales.  Since  the  year  1872,  when  special 
attention  was  devoted  to  this  important  subject,  by  the  Mining 
Kecord  Office,  much  additional  light  has  been  thrown  upon  it. 

In  the  annexed  summary  is  shown  the  number  of  furnaces  built 
And  in  blast,  and  the  proportion  of  coal  to  iron  used  in  the  South 
Wales  furnaces.  In  the  year  1873  the  total  number  of  blast 
furnaces  in  Great  Britain  numbered  683  in  blast,  the  number 
built  being  892,  the  make  of  pig  iron  was  6,566,457  tons,  the 
^osl  used  16,718,532  tons ;  taking  these  figures  the  avei*age  con- 

*  The  estimated  prodactiozi  in  each  of  those  years  did  not  exceed  from  14,000  to 
15,000  tons. 
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sumption  of  coal  appears  to  have  been  51  cwts.  to  each  ton  of 
pig  iron  made,  comparing  favourably  with  the  year  1869,  when  the 
average  amounted  to  60  cwts. : — 

South  Wales  (nroLtn>iNO  Monmottthshibe). 


Tear. 

FURKACEB. 

Pig  Iron 
Made. 

rvm]  TTaMl 

Avenge 

Built 

In  Blast. 

Ton. 

No. 

No. 

Tona. 

Tons. 

Cirts. 

1872 

154 

114 

1,002,643 

2,450,990 

49 

1873 

148 

101 

817,789 

1,996,722 

48^ 

1874 

139 

88 

714,724 

1,627,209 

45S 

1875 

153 

79 

541,819 

1,169,477 

43^ 

1876 

134 

69 

756,121 

1,593,487 

42 

1877 

150 

60 

710,958 

1,571,997 

44 

1878 

145 

57 

741,136 

1,634,847 

44 

1879 

145 

54 

669,858 

1,454,143 

43* 

1880 

140 

68 

889,738 

1,967.604 

43^ 

The  utilisation  of  the  waste  gases,  introduced  by  Mr.  Budd,  of 
the  Ystalyfera  Iron  Works,  Swansea,  some  years  after  the  applica- 
tion of  the  hot  blast  by  Mr.  Neilson,  has  been  a  fruitful  source  of 
economy,  from  four  tons  of  coal  to  each  ton  of  iron  made  in  1830, 
to  51  cwts.  in  the  year  1872.  Various  arrangements  have  been 
successfully  appUed  towards  this  end,  all  of  which  will  be  found 
fully  described  in  the  works  of  the  great  authorities  on  metallurgy, 
the  matter  being  generally  referred  *to  here  as  a  cause  for  Uie 
diminution  in  the  consumption  of  fuel  in  iron  making.  On  the 
continent  of  Europe,  where  fuel  was  more  expensive,  the  utilisa- 
tion of  the  waste  gases  was  introduced  at  an  earlier  period  than 
in  this  country ;  however,  at  present  the  system  is,  with]  few 
exceptions,  universally  adopted  in  all  our  iron-producing  districts. 

Iron  Ore  used  in  the  Maau&ctnre  of  Pig  Iron. — The  total 
quantity  of  ironstone  of  all  varieties  used  in  the  make  of  pig  ii*on 
in  the  blast  furnaces  of  Monmouthshire  in  the  year  1873  was 
792,094  tons.  The  ironstone  or  "  mine  "  of  the  district  when 
smelted  alone  yields  from  82  to  33  per  cent,  of  metallic  iron,  and 
in  this  proportion  would  require  for  each  ton  of  pig  iron  made, 
from  60  to  62  cwts.  The  admixture  of  other  ores  obtained  from 
Lancashire  and  Cumberland,  as  well  as  ores  imported  from 
Spain,  all  rich  in  metallic  iron  and  extensively  employed  in  the 
district,  reduce  the  bulk  of  ore  required  to  an  average  of  about 
44  cwts.  of  raw  stone  to  each  ton  of  pig  iron  made.    The  iron 
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ore  smelted  in  this  district  in  1873  may  be  approximately  stated 
«s  follows : — 

SISTBICTS.  TOVS. 

Native  mine 502,734 

Foreign  ores 140,000 

Somersetshiie 29,360 

Forest  of  Dean  ^ 
Northamptonshire 

Cornwall        .         ;- 120,000 

Lancashire 
Ireland  • 

Total 792,094 


The  metallic  iron  contained  in  the  foreign  ores  vary  from  50 
to  60  per  cent.,  the  haematite  ore  of  the  Forest  of  Dean  from  62 
to  63  per  cent.,  the  Northamptonshire  ore  40  per  cent.,  the 
Cornish  ores  from  50  to  60  per  cent.,  the  rich  red  ores  of  Lanca- 
shire and  Cumberland  from  60  to  64  per  cent.,  and  the  alumi- 
nous ores  from  the  North  of  Ireland,  from  35  to  40  per  cent.  In 
subsequent  years  since  1872  ores  of  all  kinds  in  the  following 
quantities  have  been  smelted  in  the  furnaces  of  Monmouth- 
shire : — 


Ycnr. 

Pig  Iron. 

Iron  Ore. 

Tons. 

Tons. 

1873 

360,583 

792,094 

1874 

360,480 

760,600 

1875 

262,253 

536,367 

1876 

413,946 

828,865 

1877 

368,480 

719,869 

1878 

373,744 

749,588 

1879 

337,684 

644,248 

1880 

448,823 

811,743 

1 

The  argillaceous  ores  of  the  coal  measures,  or  native  mine, 
when  calcined,  lose  from  27  to  30  per  cent.,  an  amount  that  is 
made  up  of  the  water  and  carbonic  acid  that  is  driven  off, 
diminished  by  the  oxygen  taken  up  in  the  conversion  of  the 
protoxides  of  iron  and  manganese  into  magnetic  oxides.  As  far 
as  can  be  ascertained  in  the  years  1878  and  1879  the  iron  ore 
reduced  in  the  Monmouthshire  furnaces,  was  derived  from  the 
following  districts.  The  total  production  of  iron  ore  in  1880,  in 
South  Wales,  amounted  to  848,927,  of  which  278,361  tons  were 
argillaceous,  and  65,566  tons  hematitic  : — 
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Districts. 

1878. 

1871). 

Native  mine     .        .        .        .1 
Foreign  ores 

Somersetahire  .        .        .        .  ' 
Forest  of  JJean    .        .        .      ^ 
Northamptonshire    . 
Cornwall,  Ireland,  &c.               ) 
Lancashire  and  Cumberland    . 

Total       .... 

Tons. 

276,974 

326,614 

40,000 

106,000 

•  •  • 

Tons. 

253,789 

308,299 

21,736 

20,000 

40,424 

749,588 

644,248 

In  the  Glamorganshire  furnaces  in  the  year  1873  the  quantity 
of  iron  ore  smelted  amounted  to  854,171  tons,  producing  424,884 
tons  of  pig  iron ;  and  as  far  as  can  be  ascertained  this  quantity 
was  obtained  firom  the  following  sources : — 


Argillaceous  ores  (Native  mine) 
Foreign  ores  (ascertained) 
Various  (British  and  foreign) 


TORS. 

248,777 
155,082 
450,312 


Total 854,171 


In  the  metallurgical  works  of  this  district  in  late  yeai*s  the 
main  bulk  of  the  ores  smelted  consist  of  foreign  ores ;  in  one 
establishment  from  80  to  84  cwts.  of  these  rich  ores  yield  one  ton 
of  pig  iron,  in  other  works  the  quantity  varies  according  to  the 
admixture  of  ores  employed,  ranging  from  88  to  40,  44  and 
47  cwts.  to  each  ton  of  pig  iron  made,  a  careful  examination  of  the 
quantity  showing  that  the  average  consumption  of  ore  to  one  ton 
of  crude  metal  may  be  taken  as  40  cwts.  1  qr«  As  far  as  can  be 
ascertained  the  following  quantities  represent  the  total  tons  of  all 
kinds  of  ore  used  in  each  of  the  years  since  1878  in  the  Glamor- 
ganshire furnaces,  the  pig  iron  made  being  also  given :— 


Year. 

Pig  Iron. 

Iron  Ore. 

Tons. 

Tons. 

1873 

424,384 

854,171 

1874 

330,484 

638,359 

1875 

249,667 

479,612 

1876 

321,754 

640,768 

1877 

342,478 

667,619 

1878 

367,392 

699,769 

1879 

332,174 

643,398 

1880 

440,915 

787,279 

640 
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In  the  Anthracite  district  in  the  year  1873  the  total  quantity 
of  ironstone  of  all  kinds  employed  in  the  manufacture  of  82,822 
tons  of  pig  iron,  was  TT^OOO  tons ;  the  great  bulk  of  this  ore  was 
obtained  from  foreign  countries,  the  ironstone  of  the  district  did 
not  exceed  20,000  tons  of  the  quantity ;  the  Spanish  ores  as  pre- 
viously stated  yielding  from  50  to  60  per  cent,  of  metallic  iron. 

Taking  all  the  facts  obtainable  the  average  quantity  of  ore  of 
all  kinds  used  in  this  district  in  obtaining  one  ton  of  pig  iron 
may  be  set  down  as  48  or  49  cwts.,  and  it  may  be  observed  that 
under  the  most  favourable  circumstances  it  rarely  happens  that 
the  whole  of  the  metal  contained  in  the  ore  is  obtained,  a  portion 
remaining  in  the  cinder.  In  each  of  the  years  since  1873  the 
annexed  quantities  show  generally  the  proportion  of  iron  ore  to 
the  pig  iron  obtained  in  the  anthracite  furnaces  : — 


Year. 

Pig  Iron. 

Iron  Ore. 

1873 
1874 
1875 
1876 

Terns. 
32,822 
23,760 
29,889 
20,421 

Tons. 

77,000 
53,487 
61,780 
56,263 

The  annual  production  of  anthracite  pig  iron  since  1876  has 
not  exceeded  15,000  tons,  the  iron  ore  employed  amounting  to 
about  40,000  tons. 

Having  generally  considered  the  quantites  of  iron  ore  and 
ironstone  of  all  kinds  employed  in  the  blast  furnaces  of  South 
Wales,  it  only  remains  to  summarise  results  and  tabulate  the 
quantities  in  the  aggregate  ;  thus  in  each  of  the  years  since  1872 
the  annexed  table  shows  the  make  of  pig  iron  in  South  Wales 
and  the  total  quantities  of  iron  ore  employed  : — 

SoxTTH  Wales  (including  Monmouthshire). 


Year. 

Pig  Iron. 

Iron  Ore. 

Tons. 

Tons. 

1873 

817,789 

1,723,265 

1874 

714,724 

1,452,446 

1875 

541,819 

1,077,759 

1876 

756,121 

1,525,896 

1877 

725,958 

1,427,488 

1878 

750,136 

1,529,357 

1879 

009,858 

1,287,646 

1880 

889,738 

1,599,022 
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An  examination  of  the  above  figures  shows  that  since  the  first- 
named  year  the  foreign  ores  have  been  more  extensively  employed 
in  the  furnaces  of  South  Wales ;  this  is  apparent  in  the  increased 
quantities  imported  in  each  of  the  years  1878  and  1879.  It  is 
also  a  matter  of  fact  that  during  the  same  years  the  argillaceous 
ores  of  the  district  have  been  somewhat  less  employed.  This  will 
be  better  understood  when  the  figures  are  reduced  to  an  average, 
from  which  it  appears  that  42  cwts.  were  required  to  make  a  ton 
of  pig  iron  in  the  year  1878 ;  40^  cwts.  in  1878 ;  d8j^  cwts.  in 
1879,  and  but  36^  cwts.  in  the  year  1880. 
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CHAPTEK    XVI. 

GLobcBSTERSHIRE    IRON    INDUSTRIES. 

L'on  Ore  of  the  GarboniferouB  Limestone — Description  of  Deposits—Mines  in* 
Operation  in  1880 — ^Analyses  and  Production  of  Brown  Iron  Oie — Oatpat  of 
tbe  more  important  Mines — Distribution  of  the  Forest  of  Dean  Ore — Pig  Iron 
Manufacture — Early  History — Production  and  Yield  of  Furnaces — Malleable 
Iron  Works,  early  history — Quantities  of  Coal  and  Iron  Ore  used  in  Pig  Iron 
Manufacture. 

Xrom  Ore  Deposits. — The  valuable  ores  of  iron  occurring  in 
the  carboniferous  or  mountain  limestone,  in  the  Forest  of  Dean, 
appear  to  have  been  worked  about  the  year  1650,  and  again, 
though  on  a  limited  scale,  in  the  beginning  of  the  present  cen- 
tury ;  this  latter  fact  we  glean  from  the  **  Survey  of  Gloucester- 
shire," by  Mr.  Thomas  Rudge,  who  states  that  in  the  year  1806 
the  greater  part  of  the  ore  employed  in  the  blast  furnaces,  was 
obtained  from  Lancashire,  and  that  the  ironmasters  found  it  more 
profitable  to  import  this  ore,  notwithstanding  the  high  rate  of 
carriage  then  charged,  rather  than  employ  the  ores  of  the  dis- 
trict. As  the  rich  character  of  the  Forest  hematite  became  better 
known  the  deposits  were  more  fully  developed.  The  year  of 
greatest  production  was  1871,  when  the  output  of  the  iron  mines- 
in  the  Forest  reached  170,611  tons,  of  the  value  of  ;£127,957. 

In  the  millstone  grit  formation  the  ore  is  worked  but  verj' 
locally,  the  principal  masses  being  found  in  the  mountain  lime-- 
stone,  where  it  exists  in  irregular  chambers  or  "chums,"  some 
of  which  are  of  considerable  extent,  yielding  many  thousands  of 
tons,  and  having  the  additional  advantage  of  being  worked  eco- 
nomically, from  the  circumstance  that  no  timbering  or  other  sup- 
ports for  tlie  roof  is  required.  The  ore  is  in  good  request  in  the 
ironworks  of  South  Wales  and  other  districts ;  the  quantities, 
however,  sent  out  of  the  Forest  of  Dean  have  decreased  con- 
siderably of  late  years. 
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Most  of  the  coal-fields  of  Great  Britain  possess  in  a  greater  or 
less  degree  productive  measures  of  ironstone ;  in  the  years  1879 
and  1880  upwards  of  one-third  of  the  ironstone  raised  in  the 
United  Kingdom  was  derived  from  the  argillaceous  ores  of  the 
coal  measures.  South  Wales,  Staffordshire,  Derbyshire,  York- 
shire and  Shropshire,  North  Wales,  and  Scotland,  are  ainongst 
our  coal-fields  most  abundantly  supplied  with  these  ores,  while, 
on  the  other  hand,  in  the  coal-fields  of  Durham  and  Northum- 
berland, Lancashire  and  the  Forest  of  Dean,  these  argillaceous 
ores  of  iron  are  of  rare  occurrence ;  their  absence,  however,  in 
Gloucestershire  is  amply  compensated  for  by  the  almost  un- 
limited  deposits  of  bro.^  hematite,  occurring  in  the  carboniferous 
limestone — a  rock  of  a  tough  crystalline  character,  bluish-grey  in 
colour,  and  emitting  when  fractured  a  sulphurous  odour,  due  to 
the  presence  and  decomposition  of  iron  pyrites.  This  Hmestone 
is  of  considerable  value  commercially,  being  used  as  a  flux,  and 
employed  as  a  road  metal. 

The  principal  deposits  of  brown  hematite  in  the  Forest  of 
Dean  occur  in  the  carboniferous  or  moimtain  limestone  in  ex- 
tensive hollows,  or  chambers,  caverns,  or  chums.  The  mines  are 
situated  for  the  most  part  on  the  outcrop  or  basset  of  the  mineral 
basin,  and  many  of  them  are  worked  to  a  considerable  depth. 
At  the  Buckshraft  Mine,  one  of  the  earliest  wrought  mines  in  the 
Forest  on  the  eastern  side,  the  hematite  is  worked  at  a  depth  of 
250  yards  below  the  level  of  the  outcrop.  Various  opinions 
have  been  recorded  as  to  the  extension  of  these  valuable  deposits 
of  brown  hematite  in  depth.  The  Forest  of  Dean  was  examined 
and  reported  upon  some  years  since,  in  1835,  by  Thomas  Sop- 
with,  Esq.,  F.R.S.,  one  of  the  Commissioners  on  behalf  of  Her 
Majesty's  Commissioners  of  Woods  and  Forests ;  the  results  of 
this  survey  were  at  a  later  period  delineated  in  a  most  interesting 
and  instructive  model  of  the  Forest  of  Dean,  now  deposited  in 
the  Museum  of  Practical  Geology,  in  Jermyn-street,  Again,  in 
the  year  1856  the  ofiicers  of  the  Geological  Survey  smreyed  the 
Forest,  acting  under  the  direction  of  the  late  Sir  Henry  de  la 
Beche. 

Generally  it  may  be  regarded  that  the  greatest  depth  of  the 
coal  measures  in  the  Forest  mineral  basin  does  not  exceed  500 
yards  from  the  high  water  level  of  the  River  Severn,  while  the 
iron  ore  deposits,  if  they  occur,  are  not  more  than  100  yards 
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below  the  coal  measures;  doubtlessi  with  the  winning  of  the 
brown  hematite  at  this  great  depth,  considerable  difficulties  will 
be  experienced  in  the  matter  of  drainage,  from  the  accumulation 
of  water  which  would  be  met  with  in  sinking  to  the  deep  of  the 
mineral  basin  through  the  coal  measures.  It  is  stated  that  in 
the  Shakemantle  Pit,  in  the  Buckshraft  Mine,  at  the  depth  of  120 
yards,  the  quantity  of  water  encountered  does  not  exceed  2,000 
gallons  per  minute  in  the  worst  season  of  the  year.  This  pit  is 
considerably  below  the  level  of  the  River  Severn,  draining, 
probably,  the  whole  of  the  waters  from  the  outcrop,  a  distance  of 
nearly  three  miles  north  and  south.  The  cylinder  of  the  pumping- 
engine  employed  at  the  above-named  pit  by  Messrs.  Crawshay 
has  a  diameter  of  60  inches,  and  successfully  keeps  the  mine 
free  of  water. 

The  dip  of  the  strata  of  the  mineral  basin  near  the  outcrop  on 
the  eastern  side  of  the  Forest  is  about  45  degrees,  decreasing 
gradually  towards  the  centre  of  the  basin,  till  it  reaches  the  Light 
Moor  Colliery,  where  it  diminishes  to  4  degrees,  rising  again 
towards  the  westward,  where  the  strata  have  the  same  inclination 
as  on  the  eastern  outcrop. 

The  question  of  the  occurrence  in  depth  of  the  brown  iron  ore  is 
an  all-important  one ;  it  does  not  appear  improbable,  that  it  will  be 
found  deep,  and  so  far  as  the  subterranean  operations  of  the  district 
have  been  carried,  no  diminution  is  apparent  either  in  the  quantity 
or  character  of  the  ore  wrought.  The  question  has  received  much 
attention,  and  will  probably  be  determined  at  no  distant  period, 
inasmuch  as  on  the  eastern  side  of  the  Forest,  immediately 
adjoining  the  Cinderford  property  of  Messrs.  Crawshay  &  Co., 
are  a  series  of  *'  gales,"  or  royalties,  of  iron  mines  known  as  the 
Polar  Star,  Duke  of  Gloucester,  Emperor  Napoleon,  Berkeley 
Castle,  and  Elephant,  comprising  an  area  of  upwards  of  2,000 
acres,  or  3  square  miles,  and  situated  some  6  miles  north  of 
Lydney,  4 J  miles  east  of  Coleford,  and  2^  miles  west  of  Newn- 
ham,  and  favourably  situated  in  regard  to  railway  communication, 
being  intersected  by  two  lines. 

Within  the  above-named  area  it  has  been  recommended  that 
shafts  be  sunk  in  suitable  positions  by  the  aid  of  Messrs.  Kind's 
and  Chaudron's  pit  sinking  machinery,  iron  tubbing  being 
employed  to  deal  more  effectually  with  the  influx  of  water 
expected  to  be  encountered  in  these  operations.    An  important 


CHAP.  XVI.]        GL0UCESTER3HIRB  IRON  IKDUSTRIES. 


645 


and  extensive  work  of  this  kind  must  of  necessity  be  attended 
with  considerable  outlay  of  capital,  and  calls  for  the  employment 
not  only  of  large  resources,  but  of  great  engineering  experience 
and  sound  judgment  in  its  accomplishment.  It  is  well  deserving 
the  attention  of  the  ironmasters  connected  with  these  industries, 
in  view  of  securing  future  supplies  to  supplement  the  diminishing 
resources  of  the  blackband  ironstone,  to  aid  in  the  solution  of 
the  problem,  namely,  the  discovery  of  the  rich  brown  hematite 
deposits,  supposed  to  extend  to  the  centre  of  the  mineral  basin 
in  the  Forest  of  Dean. 

Before  passing  on  to  the  analyses  of  the  ores,  a  list  of  the  iron 
mines  in  the  Forest  of  Dean,  their  situation,  and  the  firms 
working  the  same,  may  be  found  convenient  for  reference ;  they 
were  as  foUows  in  the  year  1880 : — 


No. 


1 
2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 
23 

24 
25 
26 
27 
28 
29 
SO 
31 
32 

33 


Name  of  Mine. 


Buckshraft 
Goleford 

Easter 

Forget-me-not 
Oakwood  Mill  Upper 
New  China  Level  . 
New  China  Ennne     , 
Oakwood  Deep  l^vel . 
New  Dun  Pit     . 
Lydbrook      .       .    . 
Noxen  Park 
Old  Bow  and  Tufthom 
Old  Ham  Pit         .    . 
Old  Sling  Pit     . 
Old  Park  .    . 

ParkHiU  . 
Perseverance .        .    . 
Shravea  .        • 

(  St.  AnnaLi  Oak  Pit, ) 
(    Shraves  .     j 

Weetbury  Brook  \ 
Dean*B  Meend   .  r  S)d 
Slope  Pit       .      (23 
Staunton   .       . ; 

Scar  Pit        .       .    . 

Luflon  Frog  Pit 

Kingsmoor 

Tew  Tree  Shraves .    , 

Tufton 

Lambe  Quay  .        .    . 

Lower  Oakwood  Mill . 

Lydney  Park         .    . 

Saint  Annals 

(  Wigpool   Belt   and  ) 

(     Injunction  Belt .  j 


Situation. 


Cinderford 
Coleford 

i» 
Bream 

Nozon 


Bream 
Coleford  . 
Lydney 
Bream    . 
ClearwcU  Meend 

_     >»  »» 

Bream     . 

Lydney 

Newnham 

Bream 

»»         • 
f  Mitcheldean 


»» 
Coleford   . 

\  Staunton 

Bream 

i>  • 

Noxon 

Bream 

Coleford  . 

Clearwell  Meend     . 

Bream     . 

i>     •        •        •    • 
Cinderford 

Mitcheldean  Meend 


I 


Name  of  Proprietor  or  Company. 


Hy.  Crawshay  and  Son. 

Coleford  Iron  Co. 

Easter  Hecmatite  Iron  Ore  Co., 

Limited. 
J.  W.  Blanch  and  Wood. 


Forest  Heematite  Iron  Ore  Co., 
Limited. 

William  James. 

Coleford  Iron  Co. 

Thomas  Smith. 

Great  Western  Iron  Co.,  Lim. 

G.  Atkinson. 

William  Henry  Fryer. 

Blancn  and  Wood. 
H.  Crawshay  and  Son. 

Thomas  Hewlett. 
J.  Hewlett. 
Dowlais  Iron  Co. 

William  James. 

Highmeadow  Iron  Mining  Co., 

Limited. 
William  James. 

Great  Western  Iron  Co.,  Lim. 

John  Shingles. 

Great  Western  Iron  Co.,  Lim. 

W.  H.  Fnrer. 

William  James.  ^ 

Lvdney  and  Wigpool  Iron  Ore  Co. 

U.  Crawshay  ana  Sons. 

{Lydney  and  Wigpool  Iron  Ore 
Co.,  Limited. 
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Analyses  of  the  Forest  of  Dean  Brown  Iron  Ore  or  Idnumite.— 

The  hematite  of  this  district,  as  far  as  it  has  been  worked,  has 
been  thoroughly  examined,  and  numerous  analyses  are  at  hand  to 
show  the  composition  of  the  several  varieties.  The  varieties 
may  be  classified  as  follows  :  first,  a  very  compact  close-grained 
black  ore,  of  high  per  centage,  locally  termed  "  Brush  Ore," 
sometimes  met  with  in  large  lumps  weighing  firom  two  to  three 
tons,  but  more  generally  in  small  masses  mixed  with  the  other 
ores ; — secondly,  a  cellular  or  spongy  variety,  often  tough,  also 
black  and  very  rich,  and  occasionally  occurring  in  large  quantities; 
and  thirdly,  a  broken,  earthy-looking  ore,  assuming,  on  exposure 
in  heaps  to  the  air,  a  deep  red  colour,  not  veiy  rich  in  itself  but 
extensively  used  in  admixture  with  the  two  previous  varieties,  and 
it  appears  to  form  nearly  two-thirds  of  the  bulk  of  the  ore  raised 
in  the  district. 

In  the  smelting  of  the  ores  of  this  locality  considerable  facilities 
are  afforded  by  the  abundance  of  good  and  cheap  fuel  from  the 
Forest  collieries,  and  when  fluxing  material  is  required,  from  the 
limestone  of  the  neighbouring  hills.  On  the  principal  floor  of 
the  Museum  of  Practical  Geology  will  be  found  in  the  wall  cases 
numbered  4S  and  49  a  large  collection  of  the  ores  of  iron  wrought 
in  Dean  Forest,  described  as  Brown  Iron  Ore,  one  variety  dis- 
tinguished as  very  compact  "Sandstone  Ore";  a  second  from 
the  Mountain  Limestone,  locally  called  **  Grey  Ore  " ;  a  third, 
provincially  called  "  Smith  Ore";  and  a  fourth  of  a  cellular  or 
tubiporous  variety,  raised  at  the  Easter  Mine,  near  Coleford.* 

An  examination  of  two  varieties  of  ore  by  Mr.  Charles  Green- 
ham,  of  the  Park  End  Ironworks,  made  some  years  since,  the 
samples  submitted  to  analyses  being  described  as  follows :  "  first, 
the  "  Brush  Ore,"  the  sample  was  composed  mainly  of  fragments 
of  the  purple-brown  hydrated  peroxide  of  iron,  having  the 
peculiar  stalactitic  structure  which  characterises  this  ore.  A 
smaller  quantity  of  the  brown  pulverulent  variety  was  intermixed 
with  the  former,  and  therefore  included  in  the  **  sample  analyses.** 
Another  variety,  the  "  Grey  Vein,"  is  thus  referred  to  :  this  ore 
appears  to  have  been  derived  from  the  brush  ore  by  the  partial 
filling  up  of  the  cavities,  with  a  crystallised  carbonate  of  lime  and 
magnesia."  The  following  shows  the  constituents  of  each  of  the 
varieties : — 

'*'  "  Catalogue,  Mineral  Collection,  Mofienm  of  Practical  Geology,"  1864,  p.  5. 
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Constituents. 

Brush  Ore.            Grey  Vein. 

Peroxide  of  iron 
Protoxide  of  iron 
Oxide  of  xnan^nese 
Carbonate  of  lime                 .     . 
Phosphoric  acid 

Water 

Sand  and  day  .... 
Carbonate  of  magnesia        .     . 

■ 

90-70 

r    traces. 

0-07 
8-87 
0-60 

•  •  ■ 

41-86 

traces. 

30-40 
0-13 
4-65 
1-32 

21-50 

Total    . 

100-24 

99-86 

Of  these  ores  the  **  Brush  Ore  "  yielded  of  metallic  iron  68*50 
per  cent.,  and  the  "  Grey  Vein  "  29*80  per  cent.  It  is  further 
observable  that  neither  of  the  above  samples  contains  any  ap- 
preciable amount  of  sulphur. 

The  Forest  of  Dean  ores  have  also  been  examined  in  Dr.  Percy's 
laboratory  of  the  Royal  School  of  Mines  by  Mr.  A.  Dick,  whose 
results  are  shown  in  the  annexed  statement ;  the  ores  examined 
being  those  known  as  the  "  Brush  Ore  "  and  the  "  Smith  Ore," 
the  latter  being  a  more  earthy  variety  derived  from  the  carbonife- 
rous rocks : — 


Constitaent«. 

Brush  Ore. 

Smith  Ore. 

Peroxide  of  iron 

90-05 

89-76 

Protoxide  of  manganese      .    . 

0-08 

0-04 

Lime 

0-06 

0-49 

Alnmina 

•  •  • 

0-63 

Magnesia          .... 

0-20 

0-40 

Phosphoric  acid   . 

0-09 

0-13 

Water 

9-22 

7-05 

Insoluble  residue                 .     . 

Total 

1-07 

2-57 

100-77 

101-07 

The  *^  Brush  Ore,"  in  the  foregoing  analysis,  was  found  to 
contain  68*04  per  cent,  of  metallic  iron,  while  that  of  the  Smith 
Ore  was  equivalent  to  62*86  per  cent.  These  hematites  compare 
favourably  with  those  of  Llantrissant,  siliceous  in  character, 
yielding  an  average  of  41*84  per  cent,  of  metallic  iron. 

In  the  north-western  district  of  the  Forest  there  are  two 
'descriptions  of  ore  worked,  known  locally  as  **  Brandy  Brush  " 
iuid  *'  Grey  Ore,"  the  former  distinguished  for  containing  a  high 
per  centage  of  silica,  and  the  latter  of  carbonate  of  lime  and  silica. 


\ 
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The  "  Brandy  Brush"  ore  also  appears  in  a  few  other  localities, 
while  the  Grey  Ore  chiefly  appears  on  the  western  side  of  the 
mineral  basin  near  Goleford.  The  following  gives  the  com- 
position of  each  variety  of  these  ores ;  the  examination  was  made 
in  the  laboratory  of  the  Royal  School  of  Mines : — 


CoQstituenti. 


Sesqiiioxide  of  iron  . 

Protoxide  of  iron 

F^toxide  of  manganese 

Alumina 

Lime 

Magnesia 

Potash 

SiHca   . 

Carbonic  acid  . 

Phosphoric  add  . 

Sulphuric  acid . 

Water  hygroscopic 

Organic  matter 

Ignited  insoluble  matter 

Total 


Bnndy  Brush. 


32-76 

•  •  • 

trace. 
0-05 
0-25 
0-25 

6-69 

trace. 

3-55 

63-38 


100-40 


Grey  Ore, 


48-98 

0-24 

0-16 

0-12 

14-07 

10-21 


20-75 
0-06 

trace. 
0-18 

6-86 


100-63 


loNrrsD  Insoluble  Besidue. 


Silica  . 

Alumina  .        • 
Sesquiozide  of  iron 

Total 


•         « 


63-45 
traces, 
traces. 


63-45 


0-79 
0-05 
001 


0-85 


The  metallic  iron  contained  in  these  ores  are  equivalent- 
respectively  to  22'98  and  84*46  per  cent. 

The  ores  raised  on  the  eastern  side  of  the  Forest,  at  the  well- 
known  mines  of  Buckshraft,  Findall,  and  Westbury  Brooke 
appear  to  be  more  easily  dealt  with  in  the  blast  furnace  than 
the  ores  obtained  on  the  north-western  side ;  this  is  due  to  the 
fact  that  the  great  bulk  of  the  ore  is  found  in  a  pulverised 
condition,  and  freed  from  the  presence  of  silica  and  other  injurious- 
elements,  while  the  deposits  referred  to  on  the  western  side  occur 
in  a  hard  compact  condition,  requiring  much  blasting  in  the 
operation  of  mining,  and  containing  a  high  per  centage  of  silica 
and  carbonate  of  lime. 

On  the  eastern  side  of  the  Forest,  adjoining  the  property  of 
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Messrs.  Crawshay,  at  Cinderford,  explorations  recently  made 
have  attracted  some  attention.  The  royalties  referred  to  are 
those  "Gales"  or  "  Setts"  previously  referred  to  and  known  as  the 
Polar  Star,  Duke  of  Gloucester,  Emperor  Napoleon,  Berkeley 
Castle,  and  Elephant  Iron  Mines.  The  annexed  analysis  of  the 
hematite  ore  raised  in  the  ahove  gales  compares  favourably  with 
the  best  quality  of  similar  ores,  not  only  in  the  Forest  but  in 
other  parts  of  the  kingdom : — 

Bbsults  Tabulated. 

Peroxide  of  iron 82*64 

S^ca  and  lime 5*07 

Alumina 1*09 

Phosphoric  acid 1*05 

Sulphur 006 

Loss  in  calcination 10*68 

Total 100*59 


The  amount  of  metallic  iron  contained  in  the  above  peroxide  is 
equivalent  to  67*85  per  cent.,  while  in  the  calcined  ore  the  metal 
is  concentrated  to  the  extent  of  64*77  per  cent.  The  analysis 
above  noted  was  made  in  Dr.  Percy's  laboratory  of  the  Royal 
School  of  Mines. 

Froduotkni  of  Brown  Xroa  Ore. — The  ore  raised  from  the 
mines  of  the  Forest  of  Dean  is  a  stalactitic  brown  hematite, 
locally  known  as  "  Brush  Ore ;  "  the  more  earthy  varieties  being 
distinguished  as  **  Smith  Ore."  The  earliest  return  accessible  is 
for  the  year  1864,  when  the  production  amounted  to  85,506  tons, 
the  output  of  the  following  iron  mines  then  in  operation : — 

VAMM  or  MIKB.  WHKRll  8ITUATID. 

Buckshraft Oinderford. 

Dean  Pit Clearwell  Meend. 

New  China  Level       ....  Nozon  Park. 

Old  Park Oakwood  near  Bream. 

OldShngPit Lydney  Old  Park. 

Perseverance  and  Findall  .     .  Soudley. 

Westbury  Brook        ....  Edge  Mill,  near  Mitcheldean. 

The  returns,  since  1864,  of  the  Forest  of  Dean  iron  mines  are 
as  follows,  and  side  by  side  appears  the  distribution  in  each  of 
the  same  years,  with  the  quantities  used  in  the  iron  works : — 
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Year. 

DI8TRIBUTI0M  OF  THE  ORE. 

Used  In  Iron- 
works. 

Total  of 
Dean  ForesL 

South  Wales. 

Staffordshire.        BristoL 

1855 
1856 
1857 
1858 
1859 
1860 
1861 

Tons. 
20,810 
39,450 
49,049 
34,652 
22,587 
10,572 
34,024 

Tona 
31,042 
12,000 
21,773 
16,288 
18,524 
11,131 
483 

Tons. 

•  •  • 

•  •  • 

•  •  • 

1,726 

767 

3,444 

Tons. 
40,766 
57,818 
56,732 
56,712 
63,455 
67,996 
62,468 

Tons. 

92,608 
109,268 
127,554 
107.652 
106,292 

90,466 
100,419 

The  total  of  Dean  Forest  for  the  year  1861  includes  1,004  tons 
<;amed  from  the  western  side  of  the  Forest  to  the  BuUo  Pill 
Junction  in  that  year. 

Other  deposits  of  hematite  in  Gloucestershire,  occurring  at 
Frampton  Cotterell,  near  Bristol,  were  opened  out  about  the  year 
1861 ;  these  deposits  occur  in  the  Pennant  Grit,  an  arenaceous 
rock  interposing  between  the  upper  and  lower  coal  measures,  and 
liave  produced  ore  in  the  following  quantities.  The  works  have 
been  abandoned  since  the  year  1875  : — 

Fbampton  Ootteeell  Mixes. 


Year. 

Quantities. 

Year. 

1 

QoantitieM. 

Tons. 

Tons. 

1862 

5,107 

1869 

6,773 

1863 

6,000 

1870 

16.249 

1864 

11,000 

1871 

8,487 

1865 

8,000 

1872 

9,201 

1866 

6,000 

1873 

13,682 

1867 

6,100 

1874 

14,842 

1868 

6,566 

1875 

8,845 

f 


The  other  places  yielding  brown  hematite  in  Gloucestershire 
occur  at  Iron  Acton,  Saint  Pierre,  Hopewell,  Noxon  Park,  High 
Meadow,  and  Lydney  Park.  The  three  latter  on  the  estate  of  the 
Coimtess  of  Dunraven,  have  from  time  to  time  produced  ore  in 
some  quantity.  Iron  ore  is  also  known  to  occur  at  Cotswold, 
Eldon  Bedding,  Hoxenwall,  Midsummer  Norton,  Pensford,  and 
Temple  Cloud,  where  pits  have  been  sunk,  and  the  ore  occasion- 
ally worked.  The  returns  of  Noxon  Park,  High  Meadow,  and 
Lydney  Park  Mines,  are  as  follows  in  the  years  given : — 


r 
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Year. 

Noxon  Park. 

High  Meadow. 

Lydney  Park. 

Tons. 

Tons. 

Tons. 

1865 

22,000 

•  •  • 

•  •  • 

1866 

19,126 

•  ■  • 

•  •  • 

1867 

16,480 

•  •  • 

•  •  • 

1868 

25,093 

■   •   V 

•  ■  • 

1870 

30,000 

...      • 

•  •  • 

1871 

28,500 

•  •  • 

•  •  * 

1872 

10,000 

1,668 

15,695 

1873 

10,000 

2,703 

12,000 

1874 

•  •  • 

4,309 

5,950 

1875 

•  •  • 

3,500 

3,105 

1876 

6,626 

6,755 

1,186 

1877 

4,927 

3,944 

•  «  ■ 

1878 

•  •  • 

561 

*  •  • 

1879 

... 

299 

■  •  • 

1880 

7,028 

1,555 

•  ■  • 

Following  the  returns  of  Dean  Forest  since  the  year  1861,  up 
to  which  time  they  have  been  given,  it  will  be  convenient  to 
continue  the  returns  published  since  the  year  1862,  which  enables 
a  comparison  to  be  made  of  the  produce  of  Dean  Forest,  and  the 
total  ore  raised  in  Gloucestershire,  together  with  the  respective 
values  in  each  year.  It  will  be  understood  that  the  total  of 
Gloucestershire  includes  in  each  year  the  produce  of  the  outlying 
deposits  previously  referred  to.  The  quantities  and  values  of  the 
ores  are  as  follows  : — 


r«ar. 

DB4N  rounfT. 

TOTAL  or  OLOUCESTBB8BIBS. 

Qoantitiefl. 

Value. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

1862 

158,908 

71,508 

164,015 

73,806 

1863 

121,397 

54,627 

127,497 

57,372 

1864 

130,482 

58,723 

141,843 

63,830 

1865 

142,807 

64,526 

152,710 

68,983 

1866 

156,079 

70,236 

162,129 

72,982 

1867 

156,069 

70,231 

156,169 

70,271 

1868 

160,722 

72.324 

167,288 

75,333 

1869 

134,595 

60,567 

172,023 

77,460 

1870 

138,254 

62,214 

183,503 

82,576 

1871 

170,611 

127,957 

207,598 

155,060 

1872 

162,888 

122,166 

199,453 

149,585 

1873 

163,660 

98,196 

199,342 

125,447 

1874 

110,203 

82,653 

171,428 

148,910 

1875 

92,825 

62,500 

111,825 

71,760 

1876 

98,133 

66,285 

114,728 

77,394 

1877 

80,555 

55,219 

92,974 

63,261 

1878 

69,034 

41,440 

74,761 

44,877 

1879 

52,061 

31,237 

58,552 

35,091 

1880 

83,198 

49,918 

92,159 

55,174 
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The  value  of  the  ore  delivered  into  tracks  at  the  mines  in  1862 
did  not  exceed  Qs,  per  ton^  increasing  to  lis,  per  ton  in  1878 ; 
as  a  general  average  some  varieties  did  not  bring  more  than  10«. 
per  ton ;  in  the  year  1876  the  average  was  188.  6d.,  and  in  1880 
about  126.  per  ton. 

The  detailed  production  of  the  mines  in  the  last-named  year 
was  as  follows : — 

GLOT70E8TEK8HIBE  IbON  MmZS,  FOBEST  OF  DeAN. 


No. 

Names  of  Mines. 

Quantities. 

Value. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

Buckahrafb  (Cinderford)  . 
China  Enfline  (Nozon)                .     . 
Coleford  (Coleford)  .... 
Deans  Meend  (Mitcheldean)       .     . 
Easter  (Coleford)     .... 
Forget-me-not  (Bream)     .        .     . 
Lambsquay  (Clearwell  Meend) 

Lydbrook 

New  China  Level  (Noxon) 

New  Dun  Pit 

Oak  Pit 

Old  Ham  Pit  (Clearwell  Meend)     . 

Old  Bow  Pit 

Oakwood  Mile  (Noxon)      .        .    . 
Old  SUng  Pit  (Clearwell  Meend)     . 
Old  Park  (Bream)       .... 
Parkhill  (Lydney)  .... 
Perseverance  (Newnham)  .        .     . 
Saint  Annals  (Bream) 

Bhraves               , 

Slope  Pit 

Westbnry  Brook  (Mitcheldean)  .     . 

WigpoolBelt 

Yew  Tree  (Bream) 

Total  of  Forest  of  Dean  Ore 

Highmeadow  (Coleford)      .        .     . 

Bingwell  and  Gattell 

Noxon  Park  (Bream) .        ... 

Total  of  Gloucestershire     . 

Tons. 

17,641 

510 

84 

3,685 

8,994 

200 

167 

6 

4,372 

213 

131 

1,071 

16 

3,233 

9,986 

1,008 

596 

1,537 

4,621 

592 

983 

12,413 

10,750 

389 

£        8.    d. 

49;918    6    0 

83,198 

49,918    6    0 

378 
1,555 
7,028 

106  16    0 

933    0    0 

4,216    6    0 

92,159 

55,174     8    0 

Before  considering  the  distribution  of  the  Forest  of  Dean 
hematite,  it  will  interest  those  familiar  with  the  district  and  con- 
nected with  its  mining  operations  to  have  for  convenient  reference 
reliable  data,  showing  the  produce  of  some  of  the  more  important 
mines  in  the  Forest.  With  this  object  in  view,  the  following 
abstracts  have  been  prepared,  showing  the  annual  produce  of  the 
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mines  named,  and  giving  the  returns  as  far  back  as  possible. 
The  first  group  to  which  attention  is  directed  includes  those 
mines  in  the  neighbourhood  oi  Cinderford,  on  the  eastern  side  of 
the  Forest,  from  which  mines  the  blast  furnaces  of  the  district 
have  received  their  supplies  of  hematite ;  they  are  as  follows  : — 


Tear. 

BuckshrafL 

Findall,  &c. 

Westhory  Brook. 

Tons. 

Tons. 

Tons. 

1863 

44.219 

9,678 

13,659 

1864 

39,770 

9,416 

20,501 

1865 

46,127 

13,947 

33,822 

1866 

48,735 

10,738 

35,495 

1867 

48,659 

15,079 

21,810 

1868 

47,649 

14,983 

28,060 

1869 

42,096 

11,443 

25,825 

1870 

38,639 

8,471 

26,352 

1871 

37,694 

8,117 

16,005 

1872 

34.409 

3,939 

14,693 

1873 

30,706 

4,472 

14,112 

1874 

15,531 

9,239 

25,200 

1876 

21,008 

•  •• 

12,518 

1876 

21,139 

8,245 

23,798 

1877 

17,783 

9,020 

10,976 

1878 

27,212 

3,077 

17,781 

1879 

19,041 

••• 

8,730 

1880 

17,641 

••• 

12,413 

Turning  to  the  western  side  of  the  Forest,  in  the  district  of 
Clearwell  Meend,  the  mines  have  produced  hematite  in  the 
following  quantities : — 


Tear. 

ClearwelL 

Old  Bow  Pit. 

Easter. 

Tons. 

Tons. 

Tons. 

1863 

1,309 

•  •• 

11,398 

1864 

4,693 

• « • 

9.495 

1865 

•  •• 

•  •  • 

4,548 

1866 

306 

•  ■• 

5,728 

1867 

1,254 

•  •  • 

10,435 

1868 

2,151 

2,981 

10,409 

1869 

4,925 

4,317 

11,013 

1870 

1,765 

6,691 

9,968 

1871 

4,861 

5,181 

17,619 

1872 

3,858 

7,131 

14,726 

1873 

5,331 

5,230 

13,675 

1874 

3,255 

3,234 

7,077 

1875 

2,330 

257 

6,974 

1876 

2,331 

682 

7,633 

1877 

340 

631 

3,345 

1878 

602 

184 

1,859 

1879 

•  •• 

•  •• 

1,559 

1880 

•  *  • 

16 

8,994 

No  return. 
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A  falling  off  appears  in  the  output  of  the  above  mines,  due  la 
the  depressed  condition  of  the  iron  industries  of  late  years. 

The  following  mines  in  the  neighbourhood  of  Lydney  and 
Coleford  gave  tonnages  as  follows  in  each  of  the  years  named  : — 


I.YJ>NEY. 

OOLEPOBD. 

Yftur 

Oakwood. 

Old  Sling. 

ShiuTos. 

Crow'i  Nest 

Tons. 

Tong. 

T0U8. 

Tonsw 

1863 

4,227 

16,904 

380 

300 

1864 

5,145 

15,940 

1,095 

4,868 

1863 

6,484 

12,380 

553 

■  ■  • 

1866 

8,742 

8,519 

819 

158 

1867 

10,251 

11,585 

866 

5,342 

1868 

2,981 

9,952 

431 

1,109 

1869 

3,018 

4,671 

175 

4,790 

1870 

6,804 

6,887 

756 

5,390 

1871 

6,858 

6,285 

823 

5,782 

1872 

8,750 

7,233 

2,295 

4,404 

1873 

9,960 

4,988 

2,704 

5,230 

1874 

5,445 

5,916 

2,341 

870 

1875 

2,121 

6,455 

863 

1876 

765 

5,543 

505 

1877 

408 

3,603 

689 

1878 

4,334 

3,479 

102 

1879 

3,501 

881 

57 

1880 

3,233 

9,986 

592 

The  Deen's  Meend  Mine  of  the  Dowlais  Iron  Company,  situated 
near  Mitcheldean,  and  the  Wigpool  and  Saint  Annal's  Mines,  the 
last-named  situated  near  Cinderford,  produced  the  following  quan^ 
titles  in  each  of  the  years  named : — 


Tear. 

Wigpool. 

Deen's  Meend. 

Saint  Annal'8. 

Tons. 

Tons. 

Tons. 

1863 

•  >• 

13,180 

•  •  ■ 

1864 

■  •  * 

14,768 

*  •  • 

1866 

402 

12,233 

•  •  • 

1867 

124 

8,421 

•  •  • 

1868 

122 

9,813 

•  ■  • 

1869 

•  •  • 

8,622 

•  •  • 

1870 

6,815 

6,231 

•  •  • 

1871 

19,792 

6,336 

3,214 

1872 

11,729 

3,256 

9.811 

1873 

22,106 

3,491 

10,874 

1874 

•  •  ■ 

3,555 

9,620 

1875 

6,844 

2,580 

11,112 

1876 

4,378 

2,686 

3,806 

1877 

10.535 

2,490 

•  •  • 

1878 

2,665 

2,810 

•  •• 

1879 

2,848 

2,585 

*  *  • 

1880 

10,750 

3,685 

4,621 
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Distribution  of  the  Forest  of  Dean  Ore. — The  early  returns 
showing  the  distribution  of  the  ore  to  the  year  1861,  being^ 
intimately  associated  with  the  production,  have  already  appeared. 
It  will  now  be  desirable  to  follow  the  inquiry,  and  note  for 
subsequent  years  the  quantities  sent  into  other  iron-making 
districts,  notably  South  Wales,  Staffordshire,  and  Somersetshire, 
distinguishing  the  quantities  retained  in  the  Forest  for  consump- 
tion in  the  ironworks : — 


Tear. 

South 
Wales. 

StafTord- 
shire. 

BuUo  Pill 
Junction. 

Bristol. 

Used  in 
Forest. 

Total. 

Tons. 

Tonn. 

Tons. 

Tons. 

Tons. 

Tons. 

1862 

49,718 

978 

8,617 

•  •  • 

99,595 

158,908 

1863 

45,946 

665 

13,450 

•  «  • 

61,336 

121,397 

1864 

51,210 

32 

14,741 

335 

64,164 

130,482 

1865 

43,162 

*.. 

9,170 

3,354 

87,131 

142,807 

1866 

67,904 

•  •  • 

6,000 

2,074 

90,101 

156,079 

1867 

53,114 

•  ■  • 

•  ■  • 

1,644 

101,311 

156,069 

1868 

50,068 

251 

«  •  • 

•  •  « 

110,403 

160,722 

1869 

29.794 

•  •• 

■  ■  • 

•  ■  • 

104,801 

134,595 

Of  the  ore  raised  in  the  Forest  of  Dean,  the  respective  quanti- 
ties sent  from  the  eastern  and  western  sides  appear  as  follows  for 
each  of  the  years  given  : — 


Year. 

Eastern  Side. 

Western  Side. 

Total. 

Tons. 

Tons. 

Tons. 

1856 

55,450 

53,818 

109,268 

1857 

56,475 

71,079 

127.554 

1858 

71,098 

36,554 

107,652 

1859 

62,557 

43,735 

106  292 

1860 

46,661 

43,805 

90.466 

1861 

64,758 

35,661 

100,419 

1862 

98,431 

60,477 

168.908 

1863 

94,601 

26,796 

121,397 

1864 

95,858 

34,624 

130.482 

1865 

108,985 

33,822 

142.807 

1866 

109,503 

46,576 

156,079 

1867 

123,838 

32,231 

156  069 

1868 

50,649 

110,073 

160,722 

1869 

34,407 

100,188 

134,595 

In  the  above  returns,  the  ore  consumed  in  the  iron  furnaces  for 
the  years  1868  and  1869  is  included  in  the  western  side,  while  in 
previous  years  it  is  included  in  the  eastern  side  of  the  Forest. 


656 


COAL  AND  IBON  INDUSTRIES. 


[part  II. 


Since  the  year  1869  the  Severn  and  Wye  Railway  have  for- 
warded ore  in  the  following  quantities  : — 


Forwarded. 

1870. 

1872. 

187S. 

1874. 

1875. 

Tons. 

Tom. 

Tons. 

Tons. 

Tom. 

By  Water  to  Wales 

21,277 

35,540 

12,632 

2,233 

•  •  • 

By  Bail  to  Wales       .    . 

15,734 

12,154 

•  •  * 

\ 

12,864 

By  Bail  to  Bullo  Pill      . 

14,291 

12,057 

43,252 

1,445 

By  Bail  to  StaffordBhiie . 

12 

3,855 

•  •• 

[26,437 

250 

By  Water  to  Bristol 

148 

446 

150 

•  ■  • 

By  Water  to  Gloucester . 
Total    . 

•  •  • 

3,389 

728 

/ 

•  •  • 

51,462 

67,441 

56,762 

28,670 

14,559  ' 

1 

In  the  year  1876,  and  since,  the  distribution  of  ore  appears  in 
the  following  quantities  by  the  Great  Western  Bailway : — 

TBAB.  aBXAT  WBSnBV. 

Tons. 

1876 73,286 

1877 73,236 

1878 56,111 

1879 37,586 

1880 45,014 


In  the  year  1876  the  Severn  and  Wye  Bailway  carried  out  of 
the  district  8,005  tons. 

Pig  Xron  Mannfiftctiuf  ■ — The  Forest  of  Dean  has  for  many 
centuries  been  associated  with  the  iron  manufactures  of  Great 
Britain,  in  many  localities  in  the  Forest,  near  the  sites  selected 
by  the  Bomans  for  the  erection  of  their  altars  dedicated  to  Mars, 
the  god  of  battle,  numerous  remains  of  scorise  or  slags  have  been 
found,  and  containing  so  large  an  amount  of  metallic  iron,  that 
for  many  generations  it  has  been  found  profitable  to  re-smelt 
them.  In  other  districts  in  this  country  similar  remains  have 
been  discovered — as,  for  example,  at  Bierley,  near  Bradford,  in 
the  West  Biding  of  Yorkshire,  and  again  on  the  Brendon  Hills, 
in  Somersetshire.  It  is  stated  that  during  a  period  of  three 
centuries  about  20  small  charcoal  furnaces  existed  in  the  Forest 
of  Dean,  engaged  in  the  re-smelting  of  these  rich  slags,  said  to 
contain  from  80  to  40  per  cent,  of  metallic  iron.  It  is  no  less 
remarkable  that  it  was  on  the  hills  that  these  Boman  slags  were 
invariably  discovered,  leading  to  the  inference  that  bellows  were 
not  then  employed,  but  that  the  furnaces  were  so  constructed  as 
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to  utilise  the  wind  by  suitable  channelsi  through  which  it  was 
conducted,  always  taking  advantage  of  the  natural  currents. 
These  furnaces,  or  air  bloomeries,  were  hollows  dug  out  at  the 
top  of  a  hill,  with  covered  channels  leading  to  the  hillside  in  the 
direction  of  the  prevailing  wind,  which  would  blow  through  them 
into  the  fire,  the  latter  being  kept  up  with  wood  or  charcoal,  the 
iron  ore  being  introduced  into  the  burning  mass.  The  early 
process  thus  referred  to  was  of  a  very  primitive  character,  and 
was  attended  with  very  great  loss  of  metallic  iron  remaining  in 
the  rejected  slags.  Similar  air  furnaces,  it  is  stated,  were  em- 
ployed in  Derbyshire  in  the  17th  century  for  the  reduction  of  the 
ores  of  lead.  As  soon  as  bellows  were  introduced,  about  the  /8th 
century,  a  new  impulse  was  given  to  the  iron  industries  generally; 
instead  of  hollows  these  so-called  bloomeries  were  built  up  walls, 
which  were  gradually  heightened  till  they  attained  an  elevation 
of  from  5  to  6  feet,  the  diameter  also  augmenting  to  3  and  4  feet, 
thus  becoming  wolf  furnaces,  and  furnaces  of  this  description 
were  employed  in  America  and  Hungary  until  less  than  100  years 
ago,  and  are  now  in  use  at  the  present  time  in  the  East,  in  India  and 
Turkey.  Originally  these  furnaces  were  rectangular  in  form,  but 
after  the  16th  century  they  became  elliptical,  and  eventually  in 
the  last  century  circular  in  section.  They  were  not,  however,  in 
such  a  condition  as  to  produce  a  fusible  cast  iron,  as  they  could 
only  deliver  lumps,  *'  wolves,"  or  pigs  of  half  malleable  wrought 
iron.  Previous  to  the  introduction  of  bellows,  as  already  stated 
about  the  8th  century,  we  find  the  valleys  selected  for  the  sites  of 
blast  furnaces  or  bloomeries,  where  water  power  was  obtainable, 
and  could  be  made  available  as  a  motive  power  in  impelling  the 
blast;  with  this  change  the  manufacture  was  carried  on  under 
more  favourable  circumstances. 

In  the  Forest  of  Dean,  about  the  beginning  of  the  16th  centuiy, 
charcoal  blast  furnaces,  it  appears,  were  introduced  from  the  iron 
districts  of  the  Bhine ;  these  furnaces  were  6  feet  wide  at  the 
boshes  and  15  feet  high,  and  we  have  the  authority  of  Mr.  David 
Mushet,  who  found  the  remains  of  two  such  furnaces,  having 
probably  been  built  during  the  reign  of  Edward  YI.,  and  about 
the  year  1550.  Again,  in  the  reign  of  Elizabeth,  it  is  known  that 
the  art  of  iron  casting  had  in  this  country  attained  a  certain 
degree  of  perfection,  as  cast-iron  ordnance  were  then  largely 

exported  to  the  Continent,  and  the  annual  production  of  charcoal 
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pig  iron  at  this  period  was  estimated  at  not  less  than  180,000 
tons  per  annum.  The  great  drain  on  our  forests  at  a  subsequent 
period  to  furnish  the  fuel — charcoal — ^for  the  reduction  of  the  ores 
of  iron  in  the  blast  furnace,  nearly  brought  the  iron  industries  of 
England  and  Wales  to  a  standstill ;  indeed,  not  less  than  three- 
fourths  of  the  blast  furnaces  then  erected  were  inactive.  As  a 
matter  of  history,  it  may  be  here  stated  that  Oliver  Cromwell  was 
an  ironmaster  in  the  Forest  of  Dean  about  the  middle  of  the 
seventeenth  centurv. 

Not  until  the  year  1740  have  we  any  information  to  refer  to, 
showing  the  production  of  pig  iron  in  the  Forest  of  Dean,  although 
ample  evidence  exists  of  the  industry  being  carried  on  at  a  very 
much  earlier  period.  Dealing,  however,  with  the  statistical  facts 
available  for  the  year  1740,  we  find  in  Gloucestershire,  pre- 
sumably in  the  Forest  of  Dean,  four  furnaces  producing  800  tons 
of  charcoal  pig  iron,  being  an  average  make  of  200  tons  per 
furnace.  At  this  period  the  production  of  charcoal  pig  iron  in 
Great  Britain  amounted  to  17,850  tons,  the  make  of  59 
furnaces.  Charcoal  continued  to  be  used  in  the  Forest  of  Dean 
furnaces,  for  in  the  year  1788  we  find  four  furnaces  in  operation, 
producing  2,600  tons,  giving  an  average  yield  of  650  tons  per 
furnace.  In  this  last-named  year  24  furnaces  using  charcoal  were 
in  operation  in  England  and  Wales,  making  13,100  tons  of  iron, 
and  58  fimiaces  using  coke  making  48,200  tons  of  iron,  or  a  total 
make  in  1788  of  61,800  tons  of  pig  iron,  to  which  should  be 
added  the  production  of  Scotland,  amounting  to  5,600  tons  of 
coke  pig,  and  1,400  tons  of  charcoal  pig  iron ;  the  Scotch  furnaces 
being  those  of  the  Carron  Company,  and  other  works  situated  at 
Wilsonstown  and  Cleugh.  The  total  iron  made  in  Great  Britain 
at  this  time,  1788,  being  68,800  tons.* 

Advancing  to  the  year  1796,  the  only  furnaces  in  operation 
were  situated  at  Flaxley,  and  produced  in  that  year  380  tons  of 
pig  iron ;  the  number  of  blast  furnaces  in  England  and  Wales 
being  104,  and  the  production  of  pig  iron  167,821  tons,  while  in 
Scotland  the  same  year  17  furnaces  produced  16,086  tons,  giving 
the  total  yield  of  the  furnaces  of  Great  Britain  as  183,407  tons. 

At  the  end  of  the  last  and  beginning  of  the  present  century  it 
is  quite  certain  the  iron  industries  of  Great  Britain  were  far  from 

*  For  details,  Bee  Appendix  II.,  p.  831. 
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being  in  a  prosperous  condition ;  indeed,  it  is  stated  by  some 
writers  that  at  the  period  referred  to,  the  iron  trade  of  the  Forest 
of  Dean  was  nearly  at  a  standstill.  Other  periods  of  depression 
ensued,  while  in  later  years  more  prosperous  times  succeeded, 
and  when  about  the  year  1826  the  works  and  furnaces  at  Park- 
end  commenced  operations,  a  new  era  was  inaugurated.  The 
Farkend  works  were  projected  and  carried  out  by  Mr.  Moses 
Teague,  who  at  a  later  period  established  the  works  at  Cinderford. 
The  above-named  gentleman  has  the  distinction  of  being  the  chief 
agent  in  promoting  the  successful  development  of  the  iron 
industries  of  Dean  Forest.  Considerable  obscurity  surrounds 
the  progress  of  iron  manufacture  in  the  Forest  between  the 
years  1796  and  1889.  In  the  last-named  year  the  furnaces  in 
operation  were  those  of  the  Farkend  and  Cinderford  companies, 
the  former  having  three,  and  the  last-named,  two  blast  furnaces 
at  work,  producing  18,000  tons  of  pig  iron,  giving  an  average 
yield  of  3,600  tons  per  furnace.  The  return  here  referred  to 
was  prepared  by  Mr.  David  Mushet,  who  made  in  the  same  year 
a  survey  of  the  iron  industries  of  the  United  Kingdom,  ascertain- 
ing the  number  of  furnaces  in  operation  as  896,  and  the  produc- 
tion of  pig  iron  1,248,781  tons.* 

Again,  in  the  year  1840  the  four  furnaces  in  operation  in  the 
Forest  produced  15,500  tons.  From  the  investigation  made  in 
the  same  year  by  Mr.  William  Jessop,  of  the  Butterley  Iron- 
works, who  pursued  his  inquiries  to  all  the  iron-making  districts 
of  Great  Britain,  it  was  ascertained  that  of  the  490  furnaces 
built  402  were  in  blast,  making  1,896,400  tons  of  pig  iron,  and 
consuming  4,877,000  tons  of  coal  in  its  manufacture. 

Advancing  to  the  year  1851,  the  total  production  of  pig  iron  in 
the  five  furnaces  working  amounted  to  80,000  tons.  At  this 
period  the  Darkhill  and  Oakwood  Yale  furnaces  were  in  course  of 
erection;  the  former  by  Messrs.  Mushet,  the  latter  by  the  Ebbw 
Vale  Iron  Company ;  and  in  the  year  1855  the  works  at  Soudley 
were  erected  by  Mr.  B.  Gibbons,  junr.  In  subsequent  years  the 
furnaces  built  and  in  operation,  with  the  production  of  pig  iron 
and  average  make  per  furnace,  appear  as  follows,  the  production 
increasing  from  21,990  tons  in  1854  to  84,927  tons  in  1863,  and 
the  average  make  per  furnace  from  4,895  tons  to  5,821  tons : — 

*  For  details,  see  Appendix  II.,  p.  836. 
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Year. 

FURNACES. 

Fig  Iron 
Made. 

Make  per 
Furnace. 

Built 

In  Blast 

1854 
1855 
1856 
1857 
1858 
1859 
1860 
1861 
1863 

7 
7 

10 

10 

10 

10 

9 

9 

9 

5 
4 
5 
5 
4 
6 
4 
3 
6 

Tons. 
21,990 
19,500 
24,132 
23,882 
23,580 
31,750 
26,458 
23,163 
34,927 

Tons. 
4,395 
4,975 
4,826 
4,776 
5,895 
5,292 
6,614 
7,721 
5,821 

Since  the  year  1868,  and  until  1871,  the  production  of  the 
Forest  of  Dean  furnaces  are  included  with  the  furnaces  of  Wilt- 
shire and  Somersetshire,  and  appear  in  the  following  tahle : — 


Year. 

Forest  of  Dean. 

t 

Wiltshire. 

SOMERSETBHrRE. 

Pio  Irox. 

FURNACES. 

FURNACES. 

FUEtKACBS. 

Total. 

Built 

In  Blast 

Built 

In  Blast 

Built 

In  Blast 

1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 

9 
9 
10 
10 
10 
10 
10 
9 

6 
6 
6 
6 
6 
6 
7 
7 

3 
3 
3 
4 
4 
4 
5 
7 

3 
3 
3 
3 
3 
3 
4 
5 

2 
2 
2 
2 
2 
2 
2 
2 

1 

Tons. 
65,312 
65,471 
59,817 
71,186 
75,847 
81,306 
93,601 
99,997 

In  the  year  1872,  and  following  years,  the  production  of  the 
Forest  of  Dean  furnaces  is  separately  distinguished,  and  appears 
in  the  annexed  table ;  side  by  side  the  average  yield  of  each 
furnace  is  given : — 


Year. 

FURNACES. 

Pig  Iron. 

Average  per 
Furnace. 

Built. 

In  Blast 

1872 
1873 

1874 
1875 
1876 
1877 

10 
10 
10 
10 
10 
9 

6 
6 
6 
6 
5 
4 

Tons. 
46,226 
44,049 
43,139 
27,088 
28,108 
25,602 

Tons. 
7,704 
7,341 
7,186 
4,514 
5,621 
6,400 
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In  the  years  1878,  1879,  and  1880,  the  yield  of  the  Forest  of 
Dean  furnaces  did  not  exceed  15,000  or  16,000  tons ;  those  in 
operation  being  the  Cinderford  Works,  of  Messrs.  Henry  Craw- 
shay  &  Co.,  the  production  of  which  is  included  in  the  returns  of 
Wiltshire  and  Somersetshire. 

The  Ebbw  Vale  Company's  Works  at  Oakwood,  it  may  be 
noted,  were  a  few  years  since  closed,  and  the  furnaces  dismantled. 
The  works  in  Gloucestershire  in  1880,  with  the  names  of  the 
companies  and  number  of  furnaces  built  and  in  blast,  were  as 
follows : — 


No. 

Names  of  Works. 

Owners. 

FUBKACES. 

Buflt. 

In  Blast. 

1 
2 
3 

Cindeiford 

Park  End,  Lydney    .    . 

Great  Western,  Soudley. 

Henry  Crawshay  and  Co.    . 
Forest  of  Dean  Iron  Co.,  Limited 
Great  Western  Iron  Co.,  Limited 

4 

3 
2 

2 
0 
0 

Total  of  Glonceetershire        .       .        .    . 

9 

2 

XalleaUa  Ironworks,  XSilLi,  and  Forges. — The  early  history 
of  the  Malleable  iron  trade  is  more  or  less  historically  identified 
with  the  early  records  of  the  Forest  of  Dean.  According  to 
Scrivenor,  in  his  "History  of  the  Iron  Trade,"  it  appears 
probable  that  shortly  after  the  Emperor  Adrian  visited  this 
country  (a.d.  120),  accompanied  by  the  sixth  legion  of  Boman 
soldiers,  a  great  military  forge — Fabrica — was  by  his  direction 
established  at  Bath,  for  the  purpose  of  manufacturing  war  im- 
plements for  the  various  troops  in  Britain,  and  for  some  bodies 
of  Boman  soldiers  on  the  Continent.  This  branch  of  manu- 
facture was  of  considerable  importance  at  that  time,  and  the 
regulations  for  the  management  of  the  Fabrica,  or  College 
of  Armourers,  were  most  systematic  and  complete.  The 
iron  used  for  the  manufacture  of  the  military  weapons  at  this 
establishment  is  supposed  to  have  been  obtained  from  the  Forest 
of  Dean  and  the  hills  of  Monmouthshire,  where  the  ore  was  dug 
up  and  smelted,  the  iron  taken  across  the  Severn  at  Lydney, 
landed  at  Aust,  and  taken  to  Bath  by  a  military  way  almost 
parallel  with  the  Upper  Bristol  Boad.  Again,  we  have  it  on  the 
authority  of  the  Domesday  Book  that  bolts  and  bars  of  iron 
required  by  King  Edward's  shipbuilders  were  obtained  from  the 
city  of  Gloucester,  which  from  its  close  proximity  to  the  Forest 
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of  Dean  reasonably  induces  to  the  inference  that  they  were  pro- 
duced there. 

Slags  and  cinders  occur  in  various  places  in  the  Forest  of 
Dean  and  in  the  Brendon  Hills,  in  which  potter}^  and  Soman 
coins  have  been  discovered,  tending  to  establish  the  fact  of  the 
existence  at  an  early  period  of  ironworks  and  foundries,  in  which 
charcoal  had  alone  been  employed.  It  also  appears  that  at  an  early 
period  the  monks  of  Flaxley,  located  in  the  Forest  of  Dean, 
established  forges  in  various  places  where  wood,  iron  ore,  and 
water  were  abundant,  power  being  secured  for  the  primitive 
mechanical  appliances  then  in  use,  by  the  flowing  streams  in  the 
sites  selected. 

From  an  original  document  in  the  possession  of  Samuel  Tim- 
mins,  Esq.,  of  Birmingham,  and  supposed  to  have  been  prepared 
about  the  middle  of  the  last  century,  1750,  we  learn  that  about 
that  period  there  were  five  works  in  operation  in  Gloucestershire, 
producing  1,120  tons  of  bar  iron  per  annum.  The  works  were  as 
follows,  with  the  individual  production  of  each : — 

NAJCB  OF  W0ILK8.  XAKB  OF  BAR  UROIT. 

Tons. 

Lidney 350 

Lidbrook,  Three  Forges  .        .    .  350 

XJpleaden 120 

Tortworth 150 

ilaxley 150 

Total 1,120 

More  recently,  in  the  beginning  of  the  present  century,  about 
the  year  1805,  tlie  principal  works  existing  were  situated  at 
Froombridge,  in  the  parish  of  Frampton,  where  iron  and  bi^ass 
wire  was  made,  and  at  Framilode,  in  the  parish  of  Eastington,  a 
manufactory  of  tin-plate  was  in  operation.  Again,  at  Flaxley  and 
at  Lydney  works  of  an  extensive  character  are  known  to  have 
been  in  existence,  both  for  the  reduction  of  the  ores  of  the  dis- 
trict and  the  manufacture  of  malleable  iron,  the  first-named  of 
the  above  works  having  then,  as  now,  the  reputation  of  making 
iron  of  a  character  known  as  "  red  short,"  especially  celebrated 
and  in  great  request  for  the  manufacture  of  tin-plate.  The  works 
at  present  and  for  many  years  in  operation  in  the  Forest  of  Dean 
are  those  at  Park  End,  formerly  belonging  to  the  Forest  of  Dean 
Iron  Company,  and  now  to  Messrs.  Crawshay  and  Sons,  consist- 
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ing  of  three  puddling  furnaces  and  two  rolling  mills,  and  the 
works  of  the  Great  Western  Iron  Company,  Limited,  situated  at 
Soudley,  with  one  rolling  mill. 

Coal  and  Zron  Ore  used  in  ManufiBUStiixe. — Mr*  William 
Jessop,  of  the  Butterley  Ironworks,  a  gentleman  previously 
referred  to  as  being  intimately  acquainted  with  the  iron  industries 
of  Great  Britain,  ascertained  that  in  the  year  1840,  in  Dean 
Forest,  the  quantity  of  coal  consumed  in  the  manu&cture  of 
€ach  ton  of  pig  iron  was  67  cwts.  The  Royal  Coal  Commission, 
in  the  year  1869,  after  a  careful  inquiry,  found  that  the  consump- 
tion did  not  exceed  66  cwts. 

Since  the  year  1872  the  exact  proportions  haye  been  ascertained 
and  appear  as  follows,  of  pig  ii*on  made  and  of  coal  and  ore  used 
in  its  manufacture  : — 


Year. 

Pig  Iron. 

CoalUMd. 

Iron  Ore. 

Tons. 

Tons. 

Tons. 

1872 

46,226 

125,461 

119,485 

1873 

44,049 

134,019 

94,019 

1874 

43,139 

137,413 

92,150 

1875 

27,088 

87,051 

75,975 

1876 

28,108 

89,318 

79,541 

1877 

25,602 

77,196 

68,520 

The  quantities  of  hematite  above  referred  to  are  exclusiyely  the 
produce  of  the  Forest  miaes ;  other  ores  are  employed,  also  a 
small  proportion  of  mill  cinder ;  of  these  latter  the  quantities  are 
not  considerable.  Taking  the  ores  throughout,  [including  the 
mill  cinder  used,  the  average  employed  varies  from  55  to  60  cwts. 
to  each  ton  of  pig  iron  made.  In  the  preparation  of  these  ores 
before  smelting  it  is  usual  to  subject  them  to  the  process  of  roast- 
ing or  calcination,  by  which  the  metal  is  concentrated  into  a 
smaller  weight  by  the  removal  of  water,  carbonic  acid,  &c. 

In  the  higher  class  of  hematite  ore  raised  from  the  Forest  of 
Dean  mines,  the  iron  is  concentrated  by  calcination  to  the  extent 
of  from  10  to  12  per  cent.,  the  fragments  being  rendered  more 
porous  and  susceptible  of  change  in  the  subsequent  operations  of 
smelting  in  the  blast  fiitnace. 

Taking  the  consumption  of  coal  in  pig  iron  manufacture  in  the 
Forest  of  Dean,  the  average  may  be  generally  regarded  as  slightly 
in  excess  of  61  cwts.  of  coal  to  each  ton  of  pig  iron  made ;  the 
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ores  of  all  kinds,  as  already  stated,  yarying  from  55  cwts.  to 
60  cwts.  to  each  ton  of  pig  iron  made.  For  a  few  years  the 
details  in  the  annexed  table  show  the  quantities  of  ore  conveyed 
to  the  several  ironworks  for  redaction  since  1856  : — 


Year. 

Cinderford. 

Farkend. 

Soadley. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1856 

28,000 

29,818 

•  •  • 

57,818 

1857 

29,000 

27,732 

* .  * 

56,732 

1858 

40,000 

16,712 

■ .  * 

56,712 

1859 

44,000 

17,655 

1,800 

63,455 

1860 

43,700 

16,796 

7,500 

67,996 

1861 

42,300 

19,640 

528 

62,468 

1862 

64,625 

17,100 

17,870 

99,595 

1865 

•  •  a 

•  •• 

« ■• 

87,131 

1867 

61,311 

30,000 

10,000 

101,311 

1869 

54,793 

38,508 

11,500 

104,801 

1871 

60,000 

52,725 

20,600 

133,325 

1872 

51,748 

44,137 

23,600 

119,485 

1873 

•  •  ■ 

•  ■  ■ 

•  •  • 

74,019 

1874 

•  •  • 

•  ■  ■ 

«  •  • 

92,150 

1875 

•  •  * 

•  •  • 

a  ■  • 

75,975 

1876 

•  •  • 

•  •  • 

•  •  ■ 

79,541 

1877 

•  •  • 

•  •  • 

... 

68,520 

1878 

•  «  • 

•  ■  • 

•  •  • 

41,312 

1879 

■  ■  • 

•  ■  ■ 

*  ■  • 

47,000 

1880 

•  •  • 

•  •  • 

•  •  • 

• 

From  the  above  table  it  will  be  seen  that  from  1867  to  1872 
was  a  period  of  great  activity,  since  which  latter  year  a  great 
falling  off  is  shown. 

*  Not  ascertained. 


CHAPTER    XVIL 

SOMERSSTSHIBE   IKON   INDUSTRIES. 

Description  of  the  Spathose  Iron  Ore  Deposits  of  the  Brendon  and  Eisen  Hills — 
Early  explorations  at  Gupworthy  Mine — Analyses  and  Production  of  Iron  Ore 
— Pig  Iron  Mannfactore — Mills  and  Forges. 

Iron  Ore  Deposits  of  the  Brendon  Kills. — The  district  known 
as  the  Brendon  Hills  extends  nearly  east  and  west  at  about  six 
miles  south  of  that  part  of  the  coast  in  the  Bristol  Channel  lying 
between  Watchet  and  Minehead,  and  terminates  in  a  deep  yalley 
near  Eisen  Hill,  where  deposits  of  iron  ore  abo  occur.  The 
Brendon  Hills  rise  boldly  on  the  north  side,  but  on  the  south 
side  the  decline  is  easier,  and  they  merge  into  numerous  small 
valleys  and  gentle  elevations ;  the  highest  ground  in  this  range  of 
hills  is  about  1800  feet  above  the  level  of  the  sea.  The  variety 
of  iron  ore  occurring  in  the  Brendon  and  Eisen  Hills  is  that 
known  as  Spathic,  or  carbonate  of  iron,  and  brown  iron  ore ;  it 
is  also  known  as  Siderite,  and  forms  an  important  ore  and  source 
of  metal. 

These  spathic  ores  are  rich  in  manganese  and  valuable  for 
conversion  into  spiegeleisen ;  the  only  other  deposits  of  this  kind 
known  to  exist  in  this  country  are  those  of  Weardale  in  Durham, 
where  the  ore  is  associated  with  ores  of  lead  and  zinc,  at  Exmoor 
in  North  Devon,  the  Exmouth  and  Frank  Mills  mines  near 
Exeter,  the  Duchy  and  Peru,  and  Perran  mines  in  Cornwall. 

The  ferruginous  deposits  of  the  Brendon  Hills  occur  in  the 
upper  division  of  the  middle  Devonian  rocks,  known  as  Morte 
slates,  composed  of  clay  slate.  At  the  surface  the  clay  slate  is 
of  a  greyish  colour,  but  in  depth  it  invariably  acquires  a  blue  or 
greenish  colour.  At  a  distance  of  two  miles  north  of  the  most 
elevated  part  of  the  hills  at  Treborough,  lower  beds  of  this  slate 
(Ilfracombe    type)   associated    with    limestone   are    extensively 


666  COAL  AND  IRON  INDUSTRIES.  [pjjit  ii. 

quarried,  and  yield  a  good  roofing  material.  The  ore  wrought 
in  the  Brendon  Hills  may  be  generally  referred  to  the  following 
varieties  :  first,  a  "  white  ore,"  a  spathose  ore,  generally  crystal- 
line in  character ;  secondly,  a  red  ore  consisting  of  decomposed 
spathose;  and  thirdly,  other  varieties  known  as  ''black  ore," 
*' brown  ore,"  and  "potty  ore,*'  composed  of  dark  brown  ores, 
more  or  less  cellular. 

The  above  varieties  occur  in  the  form  of  pockets,  which  some- 
times exist  in  close  proximity  to  each  other,  admitting  of  their 
being  worked  from  one  mine.  The  term  "  lode,"  it  should  be 
observed,  in  this  district  is  applied  to  any  metalliferous  part  of  a 
vein,  while  the  unproductive  paits  of  the  lode  are  said  to  be 
''dead;"  again,  when  the  sudden  enlargement  of  a  lode  or 
pocket  takes  place,  it  is  designated  a  bunch  of  ore. 

Numerous  indications  of  old  workings  in  the  Brendon  Hills 
point  to  the  fact  of  there  having  been  extensive  explorations  in 
ancient  times ;  it  is,  however,  within  the  last  twenty-five  ^^ears 
that  they  have  been  opened  up  on  a  large  scale,  growing  from 
insignificant  workings  to  important  mines.  The  iron  deposits  of 
the  Brendon  Hills  are  the  property  of  the  Ebbw  Vale  Company, 
the  ore  raised  from  the  mines  being  sent  to  the  works  of  the 
Company  in  Monmouthshire. 

The  most  ancient  workings  appear  at  the  eastern  end  of  the 
Brendon  Hills,  known  as  the  Colton  Pits,  and  were  wrought 
horizontally  of  a  zig-zag  form ;  further  to  the  east  these  old 
workings  are  again  met  with,  clearly  showing  that  the  ancient 
miners  selected  localities  in  which  the  ore  existed  most  abun- 
dantly ;  further  to  the  west  the  Boman  and  Carew  mines  occur; 
these  have  of  late  years  been  further  explored  and  worked  on  a 
limited  scale.  Taking  a  westerly  direction,  is  the  Baleigh  Cross 
Mine,  situated  and  adjoining  the  Carnarvon  Mine,  with  which  it 
is  connected  by  a  heading ;  the  first  drift  sunk  on  the  lode  at  the 
Carnarvon  Mine  did  not  reveal  a  favourable  condition;  later,  in  the 
year  1866,  a  new  drift  was  commenced,  and  the  more  productive 
part  of  the  lode  was  opened.  Other  workings  appear  to  the  west 
at  the  Burrow  Mine,  near  Wiveliscombe ;  the  ore  here  wrought  is  at 
times  hard  and  red,  and  occasionally  possesses  a  rich  blue  colour. 
The  next  workings  are  those  at  Florry  Mine,  where  the  ancient 
workings  were  found  to  have  a  depth  of  30  feet,  below  which  the 
lode  appears  to  yield  a  hard  red  ore;  again,  in  the  Bearland  Wood 
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IMine  to  the  west,  are  found  some  extensive  explorations,  the  lode 
yielding  large  quantities  of  a  soft  red  ore. 

The  Qupworthj  Mine  was  the  first  opened  in  the  Brendon 
Hills  of  which  there  is  any  account,  and  it  appears  to  be  the 
locality  from  which  the  first  undecomposed  spathose  ore  was 
obtained.  Mr.  Morgan  Morgans,  in  an  interesting  paper  on  the 
Brendon  Hills  spathose  iron  ores  and  mines,  read  before  the 
South  Wales  Institute  of  Mining  Engineers,  in  1868,  gives  the 
following  account  of  the  history  of  the  discovery  which  led  to  the 
development  in  the  Brendon  Hills  : — ''  Many  years  ago  a  Mr. 
Tibbets,  of  Cornwall,  being  convinced  from  the  nature  of  the 
ground,  old  surface  workings,  and  small  mineral  specimens  found 
in  the  latter,  that  a  copper  lode  existed  below,  began  exploration 
by  driving  an  adit  at  Gupworthy.  This  adit  intersected  the  iron 
lode,  which  at  this  point  (20  fathoms  deep)  was  very  excellent, 
compact,  and  undecomposed  spathose. 

*'  Some  years  later  the  deposits  of  the  Brendon  Hills  attracted 
the  attention  of  the  late  Mr.  Ebenezer  Bogers,  of  Abercame,  who 
was  struck  with  the  similarity  of  the  continental  ores  and  those 
raised  at  Gupworthy,  a  collection  of  which  had  been  previously 
made  and  exhibited  in  the  Great  Exhibition  of  the  year  1851 
from  this  and  other  districts.  He  subsequently  more  fully  ex- 
plored the  deposits,  ascertaining  their  extent  and  importance, 
and  eventually  transferred  his  interest  to  the  Ebbw  Vale  Iron 
Company,  who  set  to  work  vigorously  and  developed  the  deposits, 
a  considerable  portion  of  the  lode  of  which  had  a  thickness  of  20 
feet.  Further  to  the  west  explorations  were  made  at  Kennesome 
HiU  and  Goose-Moor  Mines  in  the  Brendon  Hills,  beyond  which 
ore  has  not  hitherto  been  wrought  to  any  extent,  until  Eisen 
Hill  is  reached,  where,  as  previously  stated,  valuable  pockets  of 


ore  occur." 


Analyses  of  the  Spathose  Iron  Ore  of  the  Brendon  Hills.' — 

This  ore,  especially  rich  in  manganese,  has  attracted  considerable 
attention  of  late  years,  the  pig  iron  made  there&om  being  of  ex- 
cellent quality,  and  suitable  for  conversion  into  Bessemer  steel. 
The  ore  has  been  examined  by  Mr.  John  SpUler,  and  is  found 
occasionally  streaked  with  red  hematite.  At  the  outcrop  of  the 
veins  the  spathose  ore  is  invariably  found  to  be  converted  to  a 
considerable  depth  into  brown  hematite  by  the  influence  of  air 
and  water.    The  following  shows  the  composition  of  the  ore  : — 
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Bestjlts  Tabttlated. 

Protoxide  of  iron 43*84 

Protoxide  of  mangaaeBe 12*64 

Peroxide  of  iron 0*81 

Lime      .        .        .                 0*28 

Masneaa 3*63 

Carbonic  acid 38*86 

Total 100*06 


The  equivalent  of  metallic  iron  determined  bj  the  above  analysis 
is  84'65  per  cent.>  and  of  manganese  9*78  per  cent.;  the  spathose 
ore  of  Weardale  giving  88*56  per  cent,  of  metallic  iron,  and  1'86 
per  cent,  of  manganese. 

The  ore  by  calcination  exhibits  the  following  constituents,  the 
loss  in  weight  by  the  process  being  equivalent  to  84*29  per  cent. : — 

Besttlts  Tabulated. 

Magnetic  oxide  of  iron 47*87 

Sesquioxide  of  manganese 14*06 

Lime 0*28 

Magnesia 3*63 

Insoluble  residue 0*08 

Loss  by  calcination 31*40 

Total 100*32 

The  metallic  iron  contained  in  the  calcined  ore  is  equivalent  to 
84*16  per  cent.  The  following  analyses,  composed  of  a  burthen 
of  Brendon  Hills  ore  and  Welsh  Mine,  is  given  by  Dr.  Percy  in  his 
"  Metallurgy  of  Iron  and  Steel,"  the  yield  of  metallic  iron  re- 
presenting 82*18  per  cent.     The   details  of   analysis    are    as 

follows : — 

Besttlts  Tabulated. 

Protoxide  of  iron 41*03 

Peroxide  of  iron 0*41 

Protoxide  of  manganese 0*55 

AlnTOiTift. 5*79 

Lime 3*00 

Magnesia 3*36 

Potash 0*86 

Silica 13*35 

Carbonic  acid 28*49 

Phosphoric  acid 0*70 

Water 1*93 

Organic  matter 0*07 

Total 99*54 
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The  calcined  ore  of  the  Brendon  Hills  is  concentrated  to  the 
extent  of  51  per  cent,  in  the  raw  state^  it  varies  between  84  and 
85  per  cent.  Thus,  to  make  a  ton  of  pig  iron,  2*89  tons  of  raw 
ore  would  be  required,  while  in  the  calcined  state  1*96  tons  would 
be  the  quantity  required.  Mr.  John  Spiller,  who  has  carefully 
examined  these  ores,  in  Dr.  Percy's  laboratory,  gives  the  follow- 
ing elementary  analysis  of  the  ore  after  calcination,  including  the 

insoluble  residue : — 

Besttlts  Tabulated. 


Metallic  iron 

50-9971 

combined  with 

oxygen 

21-8559 

„         manganese 

14-9130 

6-4840 

,,         calcitun 

0-3044 

0-1222 

„         magneaum 

3-3160 

2-2100 

,,         silica 

0-0509 

0-0549 

,,         alninininm 

0-0079 

0-0069 

Oxygen 

30-7739 

30-7339 

Total       .     100-3622 


The  ore  thus  calcined  is  sufficiently  rich  in  manganese  to  yield 
a  spiegeleisen  containing  20  per  cent,  of  that  metal. 

Frodnotion  of  Iron  Ore  in  Somersetshire. — The  spathic  ores 
of  the  Brendon  Hills  are  worked  extensively,  as  they  have  been 
for  some  years  by  the  Ebbw  Vale  Iron  Company.  The  ore  raised 
from  the  mines  is  conveyed  by  railway  to  the  coast,  shipped 
to  Newport  in  Monmouthshire,  and  forwarded  from  that  port  to 
the  works  of  the  Company  for  reduction.  The  ore  was  originally 
obtained  from  the  Carnarvon  and  Baleigh  Cross  Mines  and 
shipped  from  the  district;  but  about  the  year  1864  a  line  of 
railway  was  constructed  over  the  hills,  from  the  top  of  the 
Brendon  Hills  to  Gupworthy,  giving  increased  facilities  for  send- 
ing the  ore  out  of  the  district.  Iron  ore  has  also  been  raised  from 
time  to  time  at  Yatton,  Winford,  and  in  the  Mendip  Hills,  being 
distributed  by  the  Bristol  and  Exeter  Hallway  for  shipment  to 
Bristol,  Highbridge,  and  Bridgewater.  The  following  statement 
shows  the  production  of  the  Somersetshire  mines  from  1855  to 
1858  inclusive : — 


Year. 

Brendon  HillB. 

Yatton. 

Winford. 

BristuL 

1855 
1856 
1857 
1858 

Tons. 

4,940 

7,620 

9,642 

19,018 

Tons. 

6,000 

6,000 

767 

TonB. 

1,'500 
1,200 

«•• 

Tons. 

•  •  ■ 

500 

7,600 

1,200 
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The  ore  raised  at  Yatton,  Winfprd,  the  Crescent  at  Bristol, 
and  Ashton  Hill  Mines,  is  brown  hematite,  that  at  Ashton  Yale, 
clay  ironstone  from  the  coal  measures. 

In  ihe  year  1858,  quantities  in  addition  to  the  above  were  pro- 
duced, namely,  at  Honeymead,  2,000  tons ;  Ashton  Vale,  2,616 
tons;  and  Ashton  Hill,  2,000  tons.  The  total  production  of 
all  varieties  of  ore  in  each  of  the  above  years  was  4,940  tons  in 
1855,  increased  in  1856  to  14,620  tons,  in  1857  to  25,342  tons, 
and  26,041  tons  in  1858,  the  value  at  the  place  of  production  in 
the  last-named  year  being  about  10a.  per  ton. 

In  subsequent  years  the  mines  of  Somersetshire  produced  ore 
in  the  following  quantities : — 


Year. 

Brendoii  and 
Eisen. 

Yatton. 

Ashton  Vale. 

Ashton  HilL 

BristoL 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1859 

23,183 

1,580 

2,000 

750 

1,507 

1860 

18,072 

569 

3,960 

■  • . 

1,500 

1861 

23,787 

175 

7,300 

• « . 

1,500 

1862 

29,321 

•  •  • 

342 

•  a  • 

1,750 

1864 

36,385 

74 

12,965 

♦ 

3,500 

1865 

27,541 

■  •  • 

6,348 

620 

3,475 

1866 

29,468 

•  ■  • 

2,720 

635 

2,500 

1867 

32,525 

■  •  • 

2,350 

■  •  • 

2,000 

1868 

27,925 

■  •  • 

2,760 

•  •  • 

1,765 

1869 

23,458 

■  •  • 

1,646 

626 

1,500 

1870 

14,603 

■  •  • 

2,110 

2,051 

975 

1871 

27,556 

•  •  • 

1,673 

2,654 

1,000 

1872 

27,913 

«  «  • 

•  ■  • 

2,000 

1,000 

1873 

28,982 

•  ■  • 

620 

15,800 

1,012 

1874 

38,316 

•  •  • 

952 

• 

500 

1875 

41,793 

l,674t 

1,015 

• 

550 

1876 

41,351 

2,761t 

■ 

•  •  • 

1877 

46,895 

5,033t 

■ 

•  ■  • 

1878 

40,115 

•  •  • 

• 

■  ft  • 

1879 

14,100 

•  ■  • 

•  I 

•  •  ■ 

1880 

27,668 

•  ■  « 

« 

•  ■  • 

The  aggregate  returns  of  production  of  iron  ore  in  Somerset- 
shire as  detailed  in  the  above  abstract,  a  few  occasional  parcels 
being  omitted,  appear  in  the  following  total,  with  the  value  in 
each  year  at  the  place  of  production,  the  years  of  greatest  pro- 
duction being  1873  and  1877,  increasing  from  46,582  tons  in  the 
former  to  51,927  tons  in  the  last-named  year : — 

♦  Included  in  Ashton  Vale  return. 

f  Winford  Mines  (a  variety  of  ore  known  as  paint  ore). 

j  Including  Winford  and  Ezford  Mines. 
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Year. 

Quantities. 

Value. 

Year. 

Quantities. 

Value. 

Tons. 

£ 

1 

Tons. 

£ 

1857 

25,342 

12,671 

1869 

27,230 

7,980 

1858 

26.041 

13,020 

1870 

19,739 

6,908 

1859 

29,083 

14,501 

1871 

32,883 

32,883 

1860 

24,101 

12,450 

1872 

30,913 

30,163 

1861 

32,763 

16,381 

1873 

46,532 

42,149 

1862 

31,443 

15,182 

1874 

41,342 

30,588 

1863 

34,709 

17,354 

1875 

45,166 

33,186 

1864 

54,925 

26,868 

1876 

44,299 

31,110 

1865 

37,984 

18,992 

1877 

51,927 

36,348 

1866 

35,323 

17,661 

1878 

43,115 

30,180 

1867 

36,875 

17,952 

1879 

14,100 

10,147 

1868 

32,450 

12,168 

1880 

29,318 

23,127 

The  average  value  of  the  ores  from  1858  to  1867  appears  to  be 
about  lOs.  per  ton ;  during  the  years  1871  and  1872  a  period  of 
commercial  prosperity  reigned,  not  only  in  the  iron  and  coal, 
but  in  other  industries,  and  at  this  period  the  value  of  the  ore 
was  greatly  augmented,  averaging  20^.  per  ton.  Since  that  date 
a  gradual  diminution  in  value  is  apparent ;  thus,  in  the  year  1874, 
the  average  price  per  ton  was  nearly  IBs.,  receding  in  the  year 
1876  to  lis.,  since  which  the  same  price  may  be  said  to  have 
ruled. 

The  mines  producing  iron  ore  in  Somersetshire*  in  1880  are 
given  in  the  annexed  table,  with  the  respective  quantities  and 
value : — 


No. 

1 
2 
3 
4 
5 
6 

District  or  Mine. 

Character  of  Ore. 

Quantities. 

Value. 

Brendon  Hills   •        .        . 
Dolberrow  (Lyncombe) 
Harptree,  E.  &  W  JMendips) 
Michael  Hobbs  ( Winford)  . 
Tallards  (Winford)         .    . 
Tarn  (Winford) . 

Spathose  . 
Brown  Hematite 
»» 

Tons. 
27,668 
450 
100 
925 
125 
50 

£       s. 
22,134  8 

270  0 
60  0 

555  0 
78  0 
30  0 

Total  of  Somersetahire 

•        •        •        • 

29,318 

23,127  8 

Pig  Iron  Mannfkcture. — About  the  year  1857  works  were 
erected  at  Pennywell  Road,  near  Bristol,  by  Messrs.  Langford  & 
Co.,  commencing  the  make  of  pig  iron ;  the  quantity  made  did  not 
exceed  800  tons,  the  furnace  being  in  blast  but  a  few  months ; 
in  the  year  1858  the  make  of  the  furnace  increased  to  nearly 
6,000  tons.    In  the  following  year  the  works  at  Ashton  Yale  were 
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projected  by  Messrs.  Knight  &  Co.,  and  in  1860  produced  1,960 
tons  of  pig  iron.  The  Pennywell  Boad  Works  were  for  many 
years  standing,  and  finally  abandoned  about  the  year  1865.  The 
returns  of  production  of  the  Ashton  Vale  Works  in  subsequent 
years  until  1871  are  included  in  the  Gloucestershire  returns,  and 
until  1876  in  the  Wiltshire  returns,  since  which  the  works  have 
been  standing.  The  malleable  iron  works,  mills,  and  forges  are 
represented  in  Somersetshire,  by  the  establishment  at  Ashton. 
Vale,*  conducted  by  Mr.  Joseph  Tinn,  and  possessing  10 
puddling  furnaces  and  8  rolling  mills. 

*  Standing  in  1880. 
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WILTSHIRE,    DORSETSHIRE,    OXFORDSHIRE,    BUCKINGHAMSHIRE, 
HAMPSHIRE,   AND   THE    ISLE    OF   WIGHT    IRON    INDUSTRIES. 

Iron  Ore  Deposits  of  the  Lower  Greensand,  Coral  Rag,  and  Marlstone  roclcs  of  these 
Counties — Analyses  and  Production  of  Ore — Pig  Iron  Manufacture  in  Wilt- 
shire, at  Westbury  and  Secnd — Production  of  Pig  Iron  in  Wiltshire  (including 
Gloucestershire  and  Somersetshire) — Charcoal  Pig  Iron  Manufacture  in  Hamp- 
shire— Coal  and  Iron  Ore  used  in  Manufacture. 

Wiltsliire  and  Dorsetshire  Iron  Ore  Deposits. — The  form  of 
iron  ore  known  as  brown  hematite,  existing  abmidantlj  in  this 
country  in  the  Lias,  Oolitic,  and  Lower  Greensand  formations,  has 
in  recent  years  given  rise  to  the  important  iron-producing  districts 
of  Middlesborough,  Lincoln,  Northampton,  and  Wiltshire.  These 
extensive  deposits  extend  almost  continuously  from  the  northern 
parts  of  Wiltshire,  in  the  south  of  England,  to  the  East  Hiding  of 
Yorkshire,  passing  through  the  counties  of  Oxford,  Buckingham, 
Northampton,  and  Lincoln.  The  ores  are  for  the  most  part  of 
an  impure  and  sandy  character,  inexpensively  wrought  and  largely 
employed  in  admixture  with  other  ores  in  South  Wales,  Derby- 
shire, and  Stafifordshire. 

In  Wiltshire  the  principal  deposits  of  ore  occur  at  Westbury, 
Seend,  and  Heywood.  At  Westbury  and  at  Heywood,  in  the 
coral  rag,  a  division  of  the  Middle  Oolite ;  at  Seend  in  the 
Lower  Greensand.  The  coral  rag  consists  of  beds  of  fossiliferous 
limestone,  containing  corals  and  shells  generally  in  a  fragmentary 
state ;  the  thickness  of  the  deposit  at  Westbury,  where  tlie  iron 
furnaces  are  erected,  is  about  15  feet,  and  it  has  been  traced  from 
the  junction  of  the  Salisbury  branch  of  the  Great  Western  Rail- 
way to  Warminster,  which  is  below  the  Westbury  station,  up 
through  Steeple  Ashton  in  Oxfordshire,  by  Rowde,  north  of 
Devizes,  and  to  Eemby,  the  high  ground  south  of  Chippenham. 

At  Seend,  the  deposits  of  iron  ore,  as  previously  stated,  occur 
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in  the  Lower  Greensand  formation,  and  are  veiysimilar  in  character 
to  the  ores  raised  in  the  north  of  France,  in  the  neighbourhood  of 
Marquise,  which  are  smelted  at  the  ironworks  at  Outreau,  on  the 
river  Lianne,  near  Boulogne.  The  deposits  at  Seend  are  said  to 
occupy  an  area  of  150  acres  and  upwards,  containing  an  enormous 
mass  of  ore,  and  easily  wrought  with  a  pick  and  shovel ;  the  over- 
burden in  some  places  not  exceeding  1  or  2  feet,  which  is  easily 
removed,  enabling  the  ore  to  be  wrought  inexpensively.  Opera- 
tions have  been  suspended  at  these  mines  since  1874,  when 
Messrs.  Malcolm  and  Co.  had  two  fumdces  in  blast,  after  which  it 
passed  to  the  Ducal  Iron  Company.  Some  years  since  the  Seend 
ore  was  in  request  in  South  Staffordshire,  and  at  that  time  bore 
a  carriage  of  la.  per  ton. 

Iron  ore  of  a  similar  character  to  that  occurring  at  Westbury  in 
Wiltshire  is  found  in  Dorsetshire,  at  Abbotsbury.*  The  deposit 
is  described  as  being  "  in  the  upper  part  of  the  coral  rag,  contain- 
ing oolitic  grains  of  oxide  of  iron  imbedded  in  a  calcareous  base 
and  forming  an  iron  ore,*'  of  which  the  following  is  an  analysis 
by  G.  D.  Livering,  Esq.,  of  St.  John's  College,  Cambridge.  A 
portion  was  taken  at  random,  pounded  up,  and  a  part  of  the 
powder  analysed,  so  as  to  give  as  near  the  average  as  possible : — 

Sesquioxide  of  iron 43*97 

Silica 42-60 

Magnesia 1*40 

Lime trace 

Common  salt „ 

Water 11*88 

Total 99*85 


This  is  equivalent  to  about  84  or  85  per  cent,  of  iron  in  the 
roasted  state.  At  Redlake,  a  little  bej'ond  the  village,  the  ore  is 
of  a  deep  rusty  red  colour,  forming  incoherent  and  heavy  masses. 
About  half  a  mile  to  the  west,  on  the  road  to  Gorwell,  there  are 
bands  containing  a  larger  proportion  of  metallic  iron.  In  the 
former  place  it  exists  to  a  considerable  extent,  but  in  the  latter  it 
is  less  abundant. 

Other  parts  of  the  coral  rag  in  the  neighbourhood  of  Weymouth 
are  more  or  less  ferruginous,  as  may  be  seen  in  the  rusty-looking 

*  Damons'  **  Handbook  of  the  Geology  ol  Weymouth  and  the  Island  of  Portland/* 
18G0,  p.  48. 
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cliflf  near  Sandsfoot  Castle,  but  nowhere  is  it  so  rich  in  iron  as  at 
Abbotsbuiy.  At  some  period  these  beds  may  probably  be  turned 
to  account,  either  by  the  erection  of  furnaces  on  the  spot,  or  by 
the  conveyance  of  the  raw  materials  to  ^existing  furnaces  elsewhere. 

Froductioii  of  Ironstone. — Attention  was  first  directed  to  these 
deposits  about  the  year  1855  ;  in  1856  Wiltshire  produced  15,000 
tons  of  brown  hematite,  5,000  tons  being  raised  at  Westbury,  and 
10,000  tons  at  Seend,  and  in  the  following  year  this  was  increased 
to  15,500  tons. 

The  following  table  gives  the  returns  of  production  since  the 
year  1858,  the  ore  raised  at  Westbury  being  smelted  at  the  iron- 
works of  the  Westbury  Iron  Company ;  the  ore  at  Seend  being 
also  smelted  on  the  spot : — 


Ywir. 

Westbury. 

Seend.                Heywood. 

Total. 

Tons. 

Tons. 

Tons. 

Tons. 

1858 

5,719 

.      4,103 

•  •  • 

9,822 

1859 

16,947 

1,381 

10,665 

28,993 

1860 

40,112 

32,000 

4,088 

76,200 

1861 

37,629 

15,000 

3,250 

55,779 

1862 

47,900 

■  •  • 

47,900 

1863 

72,612 

■  •  • 

72,612 

1864 

79,918 

•  •  • 

79,918 

1865 

77,291 

•  *  • 

77,291 

1866 

75,645 

•  ■  • 

75,645 

1867 

82,586 

•  •  ■ 

82,586 

1868 

75,084 

•  ■  * 

75,084 

1869 

104,795 

•  ■  • 

104,795 

1870 

101,423 

•  •  • 

101,423 

1871 

109,151 

50,743 

159,894 

1872 

95,117 

1,000 

96,117 

1873 

105,929 

34,200 

140,139 

1874 

86,120 

500 

86,620 

1875 

87,152 

•  ■  • 

87,152 

■     1876 

83,957 

•  •  •                                           •  •  • 

83,957 

1877 

79.176 

•  •  •                                           ■  •  ■ 

79,176 

1878 

84.756 

•  ■  ■                                          •  •  • 

84,756 

,     1879 

47,623 

■  ■  ■                                           •  •  ft 

47,623 

1     1S80 

67,500 

1 

•  •  ■                                          •  ■  ■ 

67,500 

The  average  value  of  the  Westbury  ore  may  be  taken  at  about 
45.  per  ton,  the  ore  raised  at  Westbury  being  smelted  at  the  iron- 
works of  the  same  name.  A  glance  at  the  above  table  will  show 
that  Westbuiy  has  been  the  only  locality  in  Wiltshire  in  which 
iron  ore  has  been  raised  since  the  year  1874. 

Analynji  of  the  ore. — The   ore  raised    and    smelted  at  the 
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Westbury  Ironworks  is  of  two  yarieiies,  known  locally  as 
*' brown  "and  "green"  iron  ore;  the  general  appearance  of  the 
ore  is  of  a  dark  ochreous  character,  which,  when  freshly  broken,, 
yields  a  greenish  tinge.  The  following  will  show  the  constituents 
of  each  variety,  the  first-named  yielding  41*99  per  cent,  and  the 
latter  88  per  cent,  of  metallic  iron : — 


Constitnents. 

Brown  Ore. 

Green  Ore. 

Metallic  iron    .... 

41-99 

■  ■  • 

Oaygen 

17-94 

•  •  • 

Silica 

18-99 

14-720 

Alumina 

2-79 

5-462 

Carbonate  of  lime     . 

3-29 

1-327 

Magnesia 

0-54 

trace 

Combined  water 

13-70 

«  «  • 

Protoxide  of  iron         .        .     . 

•  ■  ■ 

47-250 

j  Peroxide  of  iron 

•  •  • 

1-325 

Carbonic  acid       .        .        .    . 

•  ■  * 

29-237       . 

Sulphuric  acid .... 

•  •  * 

0-105       1 

Phosphoric  acid   . 

•  •  • 

trace       i 

Organic  matter 

•  •  • 

0-365 

Loss 

0-73 

0-209 

99-97 

100-000 

The  ore  worked  at  Seend,  near  Devizes,  and,  as  previously 
stated  occurring  in  the  Lower  Greensand,  has  been  examined  by 
Mr.  Edward  Riley,  F.C.S.,  who  has  determined  its  composition 
as  follows ;  side  by  side  appears  for  comparison  an  analysis  of 
the  iron  ore  raised  from  the  Northampton  sands  of  the  Great 
Oolite,  near  Wellingborough,  examined  by  Mr.  John  Spiller, 
formerly  of  the  Royal  School  of  IMines  : — 


Constitnents. 

Seend  Ore. 

Wellinglwrough 
Ore. 

Peroxide  of  iron 

Alumina      .... 

Protoxide  of  iron 

Lime 

Magnesia 

Phosphoric  acid  .        .         .     . 
Carbonic  acid   .... 

Silica 

Sulphur 

Water 

64-61 
3-85 

■  •  • 

0-64 
0-20 
0-64 

18-02 

•  •  • 

11-85 

52-86 
7-39 
0-51 
7-46 
0-68 
1-26 
4-92 

13-16 
0-03 

11-37 

99-81 

99-64 
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The  amount  of  metallic  iron  contained  in  the  Seend  ore  is 
equivalent  to  45*22  per  cent.,  that  contained  in  the  Welling- 
borough ore  amounting  to  87  per  cent. 

Oxfordshire  Iron  Ore  Deposits. — The ''  Marlstone/'  or  [Middle 
Lias  is  the  chief  repository  of  the  ferruginous  ores  in  this  county. 
The  principal  localities  in  which  the  ore  has  been  wrought,  being 
Fawler,  Charlbury,  AjTiho,  Steeple  Ashton,  Adderbury,  and  in 
the  neighbourhood  of  Banbury  and  Woodstock.  As  far  back  as 
the  year  1860  Professor  Hull  read  an  interesting  paper  on  the 
Blenheim  iron  ore  before  the  meeting  of  the  British  Association, 
in  which  he  remarked  ''the  existence  of  highly  ferruginous  beds 
in  the  direction  of  Banbury  and  Deddington,  which  had  been 
known  for  some  years^  and  had  to  a  small  extent  been  quarried 
and  smelted ;  these  are  of  two  varieties,  a  siliceous  ore  occurring 
at  the  top  of  tlie  sands  which  form  the  lower  zone  of  the  Great 
OoHte,  and  a  calcareous  ore  forming  the  upper  rock  bed  of  the 
Marlstone  or  Middle  Lias.''  During  the  progress  of  the  geological 
survey  in  the  neighbourhood  of  Woodstock,  the  existence  of  this 
latter  ore  was  ascertained  in  several  places,  but  in  particular  along 
the  valley  of  the  Cherwell,  west  of  Charlbury ;  Mr.  Hull  subse- 
quently gives  the  following  details  concerning  its  nature  and 
stratigraphical  position.  The  Blenheim  ore  is  identical  in  geo- 
logical position,  and  almost  in  its  nature,  with  the  Cleveland  ore 
of  Yorkshire.  It  forms  the  rock  bed  at  the  top  of  the  Marlstone, 
which,  in  Gloucestershire  and  elsewhere  produces  the  tabulated 
promontories,  which  jut  out  from  the  flanks  of  the  Oolite  escarp- 
ment. At  Fawler  it  rests  upon  soft  sands,  composing  the  lower 
division  of  the  Marlstone,  and  is  sxurmounted  by  the  clay  of  the 
Upper  Lias.  It  varies  in  thickness  from  10  to  15  feet  of  a  nearly 
uniform  composition  throughout,  except  where  there  occurs  bands 
of  fossils,  with  an  excess  of  carbonate  of  lime.  The  shells  are 
marlstone  species,  as  '*  Ehynconella  tetrahedra,"  *'  Terebratula 
punctata,"  &c.  At  the  outcrop  the  rock  presents  a  rich  ferruginous 
aspect,  but  when  reached  at  positions  where  it  has  been  pro- 
tected from  atmospheric  influences  its  colour  is  deep  olive  green, 
and  the  gradual  change  may  be  observed  in  blocks  newly  split. 
In  its  latter  state  it  appears  to  be  oolitic  under  the  magnifying 
glass.  The  character  of  the  iron  before  oxidation  is  probably 
that  of  carbonate  and  silicate  of  iron,  the  latter  imparting  the 
green  tinge ;  when  exposed  it  passes  into  a  hydrated  peroxide  ot 
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iron.  The  following  gives  the  order  of  occurrence  of  the  strata 
near  Fawler^  where  the  Marlstone  rock  bed  gives  a  thickness  of 
8  feet  :— 

Great  OdiU,  White  Shelly  Oolite. 

Inferior  Oolite,  Coarse  Bubbly  Oolite  (6  feet  thick). 

Upper  LiaSy  Olrev  shales  and  clav  (5  feet  thick). 

Marlstone  Rock  Bed,  Iron  ore  (8  feet  thick). 

MarUtone  Sands^  Fine  sands  with  balls  of  con(»'etionary  iron  ore  (15  feet). 


The  outcrop  of  the  rock  may  be  traced  along  the  valley  of  the 
Cherwell  at  Fawler,  on  the  estate  of  the  Duke  of  Marlborough. 
The  Marlstone  rock  bed  as  seen  in  the  cuttings  of  the  railway 
between  Fawler  and  Charlbury  exhibits  in  section  a  thickness  of 
nearly  10  feet. 

Recently  a  considerable  tract  extending  over  500  acres  is  said 
to  have  been  acquired  by  the  Ducal  Coal  and  Iron  Company,  in 
the  neighbourhood  of  Charlbury,  to  work  the  iron  ore  deposits 
known  as  the  ''  Fawler  Mines ;  "  it  has  been  contemplated  to 
erect  blast  furnaces  to  smelt  these  ores  in  admixture  with  other 
ores  known  to  exist  in  the  Mendips  in  Somersetshire,  the  ore 
being  described  as  a  siliceous  hematite  containing  from  42  to  47 
per  cent,  of  metallic  iron,  and  from  20  to  25  per  cent,  of  silica. 
Already  the  ores  raised  from  the  Fawler  and  Mendip  deposits 
have  been  smelted  in  South  Staffordshire  at  the  Hange  furnaces 
of  Messrs.  Round  Brothers  at  Tipton,  in  the  proportion  of  three 
tons  of  Fawler  ore  to  one  ton  of  Mendip  ore,  the  pig  iron  pro- 
duced being  of  good  quality. 

The  ironstone  at  Adderbury  lies  beneath  the  soil  at  depths 
varying  from  6  to  8  inches  to  depths  of  as  many  feet.  The  beds 
of  stone  themselves  varying  from  2  to  10,  and  in  some  localities 
to  12  feet  in  thickness,  and  is  in  some  places  so  compact  that  the 
pick  which  is  ordinarily  employed  is  laid  aside  and  blasting  re- 
sorted to,  the  deposits  assuming  the  character  of  a  solid  rock. 
The  cost  of  production  is  moderate,  the  stone  being  loaded  into 
trucks  at  the  mine  at  from  3$.  6d  to  4s.  6d,  per  ton  of  2,400  lbs. ; 
the  ore  is  said  to  be  comparatively  free  from  impurities,  and  is 
chiefly  sent  into  South  Staffordshire,  where  it  is  used  as  a  mixture 
in  making  forge  iron  of  the  best  quality.  These  ores  were  first 
wrought  about  the  year  1859  ;  the  details  of  production  appear  as 
follows : — 
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Year. 

Fawler. 

Adderbuiy. 

Total. 

Tons. 

Tons. 

Tons. 

1859 

2,000 

3,410 

6,030* 

1860 

4,583 

1,260 

5,833 

1861 

5,600 

•  ■  • 

5,600 

1862 

2,244 

>  ■  ■ 

2,244 

1863 

4,803 

■  •  • 

4,803 

18&1 

6,666 

•  •  ■ 

6,666 

1865 

2,557 

•  •  ■ 

2,557 

1866 

1,552 

■  •  ■ 

1,552 

1869 

■  •  • 

10,167 

10,167 

1870 

•  •  • 

38,442 

38,803t 

1871 

■  •  ■ 

26,230 

28,330t 

1872 

•  •  • 

56,536 

63,536§ 

1873 

■  •  • 

49,962 

49,962 

1874 

•  •  ■ 

38,608 

38,608 

1875 

«  •  • 

34,568 

34,568 

1876 

•  ■  * 

26,140 

26,140 

.1877 

•  •  • 

14,661 

14,661 

1878 

•  •  • 

6,240 

6,240 

1879 

■  •  • 

1,233 

1,233 

1880 

•  •  • 

8,360 

8,360 

At  Steeple  Ashton  the  ore  deposits  also  occur  in  the  Marlstone, 
an  upper  bed  having  a  thickness  of  14  feet  and  a  lower  bed  of  12 
feet  thick,  reached  by  a  shaft  some  80  yards  from  the  surface, 
said  to  be  in  the  Oxford  clay.  The  mines  are  situated  about  6 
miles  north-east  of  Woodstock,  but  of  late  years  the  deposits  have 
not  been  wrought. 

Analyses  of  tke  Ores. — The  Fawler  ore  very  much  resembles 
the  yellowish-brown  variety  raised  in  Northamptonshire  from  the 
Marlstone  between  the  Upper  and  Lower  Lias.  In  the  following 
analysis  &om  a  sample  consisting  of  several  specimens  the  results 
below  appear,  and  side  by  side  an  analysis  of  the  Northampton 
variety,  yielding  89*34  per  cent,  of  metallic  iron  compared  with 
81*94  per  cent,  the  yield  of  the  Fawler  ore,  which,  by  calcination, 
is  increased  to  41  per  cent.  The  last-named  analysis  is  by  Mr. 
Charles  Tookey,  and  was  made  in  Dr.  Percy's  laboratory,  who 
remarks,  as  regards  the  Fawler  ore,  that  "the  phosphoric  acid  is 
only  present  in  a  small  quantity  as  compared  with  specimens  of 
the  Northamptonshire  ores  which  have  been  examined  in  this 


*  Inclading  620  tons  raised  at  Steeple  Ashton. 
t  Including  361  tons  raised  at  King's  Sntton. 
X  Including  2,100  tons  raised  at  King's  Sutton. 
§  Including  7,000  tons  raised  at  King's  Sutton. 
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laboratoiy ;  the  absence  of  this  ingredient  is  an  important  con- 
sideration to  the  iron  smelter  " : — 


ConstituentB. 

Fawler. 

Northampton. 

Sesquioxide  of  iron      .        .     . 

44-67 

56-20 

Protoxide  of  iron 

0-86 

trace 

Protoxide  of  manganese       .    . 

0-44 

0-20 

Alumina 

7-85 

2-43 

Carbonate  of  lime        .        .     . 

9-29 

0-49 

Carbonate  of  magnesia     . 

0-66 

0-17 

Silica 

0-48 

•  .* 

Carbonic  acid   .... 

611 

•  •  • 

Bisulphide  of  iron        .        .     . 

trace 

.  ■  • 

Water  hygroscopic  .        .        ) 
Water  combined  .        .        .     ) 

16-31 

(      1-16 
(     9-74 

Phosphoric  add 

.  0-55 

0-84 

Insoluble  residue         .        .    . 

1310 

2907 

100-32 

100-30 

The  insoluble  residue  of  the  Fawler  ore  consisted  of  silica  and 
alumina,  with  a  trace  of  lime  ;  that  of  the  Northampton  ore  from 
the  neighbourhood  of  Hej'ford,  near  Weedon,  containing  in  the 
residue  quartz,  soluble  silica,  and  a  little  mica.  Other  analyses 
of  ore  from  the  neighbourhood  of  Fawler,  on  the  Duke  of  Marl- 
borough estate,  examined  and  reported  upon  by  Dr.  Percy,  gives 
the  following  percentage  of  metallic  iron : — * 


Samples. 

Metallic  Iron. 

,  Samples.         Metallic  Iron. 

No.  1 
»    2 

M      3 

„    4 
»     5 

1 

38-65 
35-46 
37-14 
34-42 
32-52 

No.  6 

„    7 
„    8 

1 

1 

1 

36-94 
31-40 
22-86 
13-06 

It  is  remarked  of  the  two  last  samples  that  they  contained 
fossils  and  a  sensible  (visible)  amount  of  carbonate  of  lime. 

The  Fawler  ore  already  referred  to  in  connection  with  the 
Ducal  Coal  and  Iron  Company,  and  operated  upon  by  Messrs. 
Eound,  Brothers,  gave  the  following  results  on  analysis  by  Mr. 
E.  W.  T.  Jones,  public  analyst  for  the  county  of  StaflFord.  The 
sample  was  taken  from  the  heap  and  examined  in  the  dry  state. 
The  sample  for  the  second  analysis  was  obtained  from  the  heading 
of  the  underground  workings  : — 

*  "  Geology  of  the  Country  around  "Woodstock,"  by  Professor  Hull,  F.R.S.,  p.  11. 
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Results  Tabttlated. 


Constiiaentfl. 

FInt 

Second. 

Protoxide  of  iron 

Peroxide  of  iron  .        .        .     . 

Manganous  oxido 

Alumina 

Silica 

Lime 

Magnesia^ 

Phosphoric  add  . 

Sulpnuric  acid 

Garoonio  add 

Pyrites     .... 

Combined  water  . 

Loss,  &c. 

0*58 

36-50 

0*66 

7*53 

10*49 

19-26 

1*29 

0*71 

0*05 

14*00 

trace 

9-60 

... 

1*04 

46*93 

0*51 

7*86 

10*55 

11*79 

1*12 

0*66 

trace 

8*55 

10*i*5 
0*84 

Metallic  iron               ... 

100*67 

100*00 

26*00 

33*66 

•0*31 

•0-29 

The  ironstone  raised  at  Adderbury  is  calcareous  in  character, 
the  best  varieties  yielding  between  86  and  87  per  cent,  of  metallic 
iron^  while  the  average  throughout  may  be  taken  as  between  28 
and  82  per  cent. ;  the  amount  of  lime  varies  from  15'50  to  51*00 
per  cent.,  and  on  this  account  the  stone  is  advantageously  used 
with  other  ores,  producing  a  very  fair  quality  of  pig  iron.  The 
constituents  of  the  several  varieties  appear  in  the  annexed 
analyses : — 

ReSXTLTS  TABXTLATED.f 


Constituents. 

1. 

2. 

3. 

Sesquioxide  of  iron  . 

49-50 

53*00 

29*50 

Alumina 

12*50 

9*50 

7-80 

Carbonate  of  lime     . 

19*50 

15*50 

51-00 

Water  of  hydration,  carbonic  ) 
acid ) 

9*22 

13-51 

7*91 

<  Silica 

9*28 

8*49 

3*79 

Phosphoric  add   .        .        .     . 

trace 

trace 

trace 

Magnesia          .... 

trace 

trace 

trace 

Manganese 

trace 

trace 

trace 

100-00 

100*00 

100-00 

Metallic  iron  (average  31|) 

3o% 

V 

37}% 

22% 

1               Average  .        .        .    . 

36 

1%       . 

•  •  • 

*  Phosphorus. 

t  Favomed  by  S.  J.  Bates,  Esq.,  Birmingham. 
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BnnMngJiaiifhire  Iron  Ore  Deposits. — ^In  the  beds  of  the 
Lower  Greensand  in  the  neighbourhood  of  Leighton  Buzzard,  and 
at  Linslade  ironstone  occurs ;  in  the  last-named  locality  it  appears 
in  nodules  disseminated  through  a  thickness  of  about  50  or  60 
feet  of  brown  sand.  In  no  instance  in  the  above  localities  does 
the  ironstone  appear  in  a  continuous  bed,  the  nodules  are  large 
and  massive,  of  a  brown  ochreous  character,  often  hoUow  and 
found  to  contain  loose  white  sand.  In  the  year  1857  the  pits 
produced  2,500  tons  of  ironstone,  since  which  period  all  operations 
have  been  suspended. 

Saiapsliiro  and  Isle  of  Wight  Iron  Ore  Deposits. — Near  the 
south- western  extremity  of  the  Hampshire  coast,  in  the  Bagshot 
beds,  occurring  near  Christchurch,  at  Hengistbury  Head,  iron 
ore  was  formerly  obtained  in  considerable  quantity  by  the 
Hengistbury  Mining  Company.  The  Bagshot  beds  occur  in  the 
following  order : — uppermost,  a  superficial  flint  gravel,  succeeded 
by  greenish  clayey  sands,  containing  four  courses  of  nodular  iron- 
stone, the  lowest  division  consisting  of  dark  carbonaceous  clay. 
The  ironstone  was  wrought  by  cutting  back  the  face  of  the  cliff, 
the  nodules  thus  obtained  varying  in  size  from  5  to  8  feet  in 
length.  On  the  south  and  east  side  of  the  headland,  numbers  of 
these  massive  nodules  repose  on  the  beach,  mingled  with  the 
sands  and  gravels  detached  from  the  cliff,  and  forming  to  some 
extent  a  natural  breakwater  against  the  inroads  of  the  sea,  by 
which  the  base  of  the  cliff  is  washed  at  high  water. 

In  the  Isle  of  Wight,  on  the  shore,  at  the  foot  of  the  cliffs 
between  Yarmouth  and  Hempstead  Ledge,  on  the  north-western 
coast,  argillaceous  ore  was  formerly  collected  in  some  quantities 
and  conveyed  to  the  iron  works  in  South  Wales.  In  the  table 
following  appear  the  quantities  of  ore  raised  in  each  locality  since 
the  year  1856  : — 


Tear. 

Hengistbur)'  Head. 

Isle  of  Wigljt. 

Total. 

Toim. 

Tons. 

Tons. 

1856 

13,000 

•  •  • 

13,000 

1857 

7,000 

•  ■  • 

7,000 

1858 

6,000 

934 

6,934 

1859 

6,000 

1,803 

7,803 

1860 

5,000 

1,119 

6,119 

1861 

3,500 

507 

4,007 

1862 

2,800 

676 

3,476 

1863 

1,400 

•  •  • 

1,400 

1864 

4,400 

700 

5,100 

1865 

3,000 

525 

3,525 
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Since  the  year  1865  there  appears  to  have  been  a  cessation  of 
mining  operations  in  these  districts,  the  cost  of  carriage  of  the 
ore  not  enabling  the  mines  to  compete  with  districts  more  favour* 
ably  situated^  from  -which  a  class  of  ore  was  obtained  giving  a 
higher  percentage  of  metallic  iron  and  at  a  less  cost. 

Pig  Iron  Maimflftcture, — This  industry  was  commenced  in 
Wiltshire  by  the  Messrs.  Greenwood  &  Co.,  in  the  year  1857^ 
when  the  iron  works  at  Westbury,  conveniently  situated  near 
the  railway  station,  were  projected  and  put  in  operation  by  the 
above-named  firm.  In  the  year  1858  the  first  furnace  was  put  in 
blast.  The  yield  for  the  year  1858  is  not  separately  stated,  being 
included  in  the  production  of  the  Penny  well  Boad  furnaces  of  the 
Messrs.  Langford  &  Co.  of  the  adjoining  county  of  Somerset, 
amounting  to  2,040  tons  of  pig  iron.  It  may  therefore  be  assumed 
that  the  production  of  the  Westbury  furnace  exceeded  1,000  tons, 
there  being  at  this  period  but  one  furnace  in  blast  in  each  county. 
In  the  year  1859  the  Messrs.  Sari  &  Co.  commenced  the  erection 
of  two  blast  furnaces  at  Seend,  and  in  the  following  year  they 
were  put  in  blast.  At  this  period  the  joint  production  of  the 
works  at  Westbury  and  Seend  amounted  to  21,785  tons,  the  make 
of  four  furnaces  giving  an  average  make  of  5,469  tons  per  furnace. 
In  the  year  1861  the  Seend  Works  were  out  of  blast,  while  those 
of  the  Westbury  Company  were  but  partially  employed,  there 
being  but  one  furnace  in  blast  for  a  period  of  eight  months ;  at 
this  time  and  in  subsequent  years  the  production  of  the  Wiltshire 
furnaces  is  included  with  those  of  Somersetshire.  The  "  Mining 
Journal "  gives  the  following  account  of  the  Seend  Works  at  this 
period : — 

"  The  Seend  Iron  Works  are  situated  close  to  the  Seend 
Station,  Great  Western  Eailway,  being  connected  thereto  by  a 
siding  which  connects  the  pig  bank  of  the  furnaces  with  the  main 
line,  and  the  works  are  built  at  the  foot  of  a  hill  which  covers  the 
little  rural  village  of  Seend.  There  are  three  blast  furnaces 
capable  of  making  800  tons  of  pig  iron  per  week.  The  mine  is 
lifted  to  the  top  of  the  furnace  by  an  ordinary  but  well-constructed 
bydrauUc  apparatus,  warm  water  beicg  supplied  for  the  gravitating 
purposes  of  the  machine  from  the  exhausted  condensing  water  of 
the  blast  engine,  without  heating  cost,  which  precludes  the  pos- 
sibility of  hindrance  from  freezing  during  the  winter  months. 
The  furnaces  are  substantially  built,  and  hot  blast  is  used.    The 
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blast  engine  is  120  horse-power,  substantially  erected,  working 
with  beam  and  fly-wheel,  and  slide  valyes,  with  an  eccentric  cam, 
being  a  condenser  working  the  steam  at  a  pressure  of  14  lbs., 
three  boilers  of  the  ordinary  size  being  used  to  generate  the 
steam.  The  make  of  iron  in  these  works  at  the  time  the  above 
was  written  was  about  250  tons  per  week,  and  the  quality  of  the 
No.  1  iron  was  very  fine,  breaking  strong,  and  exhibiting  a  large 
crystalline  fracture.'* 

The  above  account  by  a  South  Staffordshire  ironmaster  further 
states  that  the  furnaces  were  projected  and  erected  under  the 
superintendence  of  Mr.  Fred.  Vernon  Smith,  the  then  manager. 

In  giving  the  yield  of  the  furnaces  of  Wilts  and  Somerset,  it 
only  remains  to  add  that  the  Westbury  Company  put  up  a  third 
furnace  in  the  year  1862,  and  a  fourth  in  the  year  1865.  The 
works  at  Seend  appear  to  have  been  in  abeyance  for  some  years 
after  1861 ;  later  a  change  of  ownership  took  place,  and  in  the 
year  1870  the  works  came  into  the  hands  of  the  Messrs.  W.  and 
S.  S.  Malcolm  &  Co.  renewing  the  manufacture  of  pig  iron 
with  one  furnace  in  blast,  the  number  being  subsequently  in- 
•creased  to  two.  Again  in  the  year  1874  a  change  of  ownership 
takes  place,  the  Ducal  Iron  and  Coal  Company  appearing  as 
owners,  but  who  never  appear  to  have  put  any  furnaces  in  blast. 

In  the  following  resume  the  number  of  furnaces  appear  in  each 
district,  with  the  total  yield  of  pig  iron  in  the  three  counties 
named : — 


WILTSHIRE. 

GLOUCESTER. 

SOMERSET. 

Year. 

Total 
PigXron. 

Built 

In  BUuit. 

Bnilt. 

In  Blast 

Built 

In  Blast 

Nos. 

Noik 

Nos. 

Nos. 

Nos. 

Nos. 

Tods. 

1861 

4 

2 

9 

3 

2 

1 

40,493 

1862 

5 

2 

9 

5       , 

2 

0 

61,968 

1863 

5 

3 

9 

6 

2 

A 

64,001 

1864 

5 

3 

9 

6 

2 

65,312 

1865 

3 

3 

9 

6 

2 

65,471 

1866 

3 

3 

10 

6 

2 

59,817 

1867 

4 

3 

10 

6 

2 

71,186 

1868 

4 

3 

10 

6 

2 

75,847 

1869 

4 

3 

10 

6 

2 

81,306 

.  1870 

5 

4 

10 

7 

2 

1 

93.601 

1871 

7 

5 

9 

7 

2 

99,997 

In  the  last-named  year  the  average  make  per  furnace  gives 
7,692  tons,  compared  with  6,469  tons  in  the  year  1860.     Since 
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the  year  1872,  when  the  consumption  of  coal  became  one  of  con- 
siderable interest  in  the  question  of  the  manufacture  of  iron, 
returns  of  the  quantities  of  coal  used  in  pig  iron  manufacture 
has  been  published  in  the  "  Mineral  Statistics."  Following  the 
production  of  pig  iron  in  Wiltshire,  the  annexed  figures  may  be 
generally  regarded  as  a  close  approximation  to  the  make  of  the 
furnaces  in  each  year  since  that  date  : — 


TUKSACm. 

Year. 

Pig  Iron. 

Duilt. 

In  Blast. 

Nos. 

Nos. 

Tons. 

1872 

7 

0 

44,2o5 

1873 

7 

0 

42,844 

1874 

i 

3 

26,605 

1875 

7 

2 

26,388 

1876 

7 

2 

25,718 

1877 

7 

2 

24,988 

1878 

7 

2 

26,751 

1879 

7 

2 

25,000 

1880 

^      1      u 

22,350 

An  examination  of  the  table  above  shows  the  increased  pro- 
duction of  the  furnaces;  thus,  in  the  year  1872,  the  average 
yield  was  8,851  tons  per  annum,  compared  with  18,194  tons  in 
the  year  1875,  and  18,875  tons  in  the  year  1878. 

The  iron  ore  raised  in  Wiltshire  is  smelted  in  the  ironworks  of 
the  district,  railway  communication  with  moderate  freights  giving 
ample  means  for  bringing  the  necessary  materials,  coal,  and  Ume- 
stoue  to  the  works. 

The  subjoined  abstract  gives  approximately  the  make  of  pig 
iron,  and  of  coal  and  ore  employed  in  the  Wiltshire  works  since 
the  year  1872 :— 


Year. 

Pig  Iron. 

Coal  Used. 

Iron  Ore  Used. 

Ton^. 

Tons. 

Tons. 

1872 

44,255 

127,255 

•  •  ■ 

1873 

42,844 

119,793 

140,139 

1874 

26,605 

74,238 

86,126 

1875 

26,388 

79,575 

87,152 

1876 

25,718 

60,652 

84,162 

1877 

24,988 

61,361 

82,966 

1878 

26,751 

59,771 

84,756 

1879 

25,000 

58,000 

83,000 

1880 

22,350 

50,500 

67,500 
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In  the  above  table  ample  data  is  afforded  to  determine  the 
proportion  of  materials  employed,  which  may  be  assumed  to  vary 
from  64  to  65  cwts.  of  ore  to  each  ton  of  pig  iron  made,  the 
average  yield  of  the  ore  from  analysis  giving  88  to  41  per  cent 
of  metallic  iron-  This  proportion  is  fully  sustained  in  each  suc- 
cessive year,  while  in  the  year  1878  a  more  favourable  condition 
appears,  the  average  of  ore  not  exceeding  63  cwts.  to  each  ton  of 
pig  iron  made.  The  quantity  of  coal  employed  in  like  manner  in  the 
production  of  each  ton  of  pig  iron  points  to  economy ;  for  example, 
taking  the  figures  for  the  year  1872,  an  average  of  57^^  cwts.  of 
coal  appears  for  each  ton  of  pig  iron  made ;  advancing  to  the  year 
1880,  the  average  appearing  in  the  above  returns  does  not  exceed 
45  cwts.  The  Westbury  Iron  Company  in  addition  to  their 
resources  of  ore  in  Wiltshire,  possess  their  own  colliery  at 
Nettlebridge  in  the  adjoining  county  of  Somerset,  where  the  coal 
is  coked  and  conveyed  to  the  works  at  Westbury,  and  subse- 
quently employed  in  the  smelting  of  the  ores. 

Eaiapsliire  Charcoal  Pig  Iron. — About  the  year  1868  the 
Messrs.  Harrison,  Ainslie,  &  Co.,  erected  a  small  furnace  at 
Warsash,  near  Titchfield  in  the  above-named  shire  for  the  manu- 
facture of  pig  iron  with  charcoal ;  this  furnace  was  put  in  blast 
in  the  year  1869,  and  has  since  continued,  with  occasional  in- 
tervals, to  make  charcoal  pig  iron  according  to  the  supply  of 
charcoal  obtainable  from  time  to  time  in  the  immediate  neigh- 
bourhood and  in  the  south  of  England.  The  same  firm  possess 
other  furnaces  of  a  similar  construction  at  Bonawe  in  Argyleshire, 
at  Newland,  near  Ulverstone,  and  Backbarrow,  near  Haverthwaite, 
both  in  Lancashire,  and  a  fifth  at  Duddon  in  Cumberland. 

A  noticeable  feature  connected  with  the  Warsash  furnace  is 
that  suitable  mechanical  arrangements  were  at  an  early  period 
successfully  introduced,  by  which  the  gases  escaping  from  the 
top  of  the  furnace  were  utilised  as  a  source  of  power  and  made 
available  for  raising  steam.  The  ore  smelted  at  these  works  is 
brought  fr'om  Lancashire,  a  rich  red  hematite  containing  from  64 
to  66  per  cent,  of  metallic  iron  ;  the  iron  here  made  enjoys  a  high 
reputation,  always  secures  a  ready  market,  and  from  its  superior 
quality  and  strength,  as  well  as  toughness,  compares  favourably 
with  the  best  charcoal  irons  of  Sweden,  Norway,  and  Bussia. 
The  quantity  annually  produced  of  charcoal  pig  iron  is  not  con- 
siderable in  these  works,  nor  is  it  separately  distinguished,  being 
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included  with  the  returns  of  the  other  furnaces  of  the  same  firm 
in  Lancashire  previously  referred  to. 

There  is  no  exact  information  available  showing  the  quantity 
of  charcoal  necessary  for  the  production  of  one  ton  of  charcoal 
pig  iron  ;  from  inquiries,  however,  made  on  the  subject  of  gentle- 
men conversant  with  the  manufacture,  it  may  be  generally  stated 
that  the  quantity  varies  from  about  46  to  50  cwts.  to  each  ton  of 
iron  made. 


CHAPTEE    XIX. 

DEVONSHIRE    IRON    INDUSTRIES. 

Iron  Ore  Deposits — Earlj  account  of  Magnetic  Ores  wrought  at  Haytor— Deposit-s 
at  Hennock,  Buckfastleigh,  North  Molton,  Smallacombe,  Torbaj  (Paint  ore) 
and  Exmoor— Analyses,  Production  and  Distribution  of  Ores. 

Iron  Ore  Deposits. — Ferruginous  deposits  are  more  or  less 
abundantly  diffused  through  the  formations  of  every  geological 
age,  the  richest  varieties  being  found  in  the  older  rocks.  In  this 
country  the  most  important  deposits  of  red  hematite  are  found 
in  the  hollows  of  the  carboniferous  limestone  in  Lancashire, 
Cumberland  and  other  places,  yielding  from  60  to  66  per  cent, 
of  metallic  iron.  The  other  principal  sources  of  supply  being 
the  argillaceous  carbonates  obtained  from  the  ironstone  measures 
of  om'  coal-fields,  which  with  the  varieties  obtained  from  the 
Liassic  and  Oolitic  strata,  furnishes  by  far  the  greatest  proportion 
of  the  ironstone  smelted  in  the  blast  furnaces  of  Great  Britain. 

Spathic  ores  occur  in  a  few  localities  in  this  country,  which 
have  been  already  named,  and  in  a  few  districts  in  Cornwall  and 
Devonshire ;  this  latter  county,  though  possessing  deposits  of 
iron  ore  of  a  good  quality,  does  not  produce  ore  in  any  consider- 
able quantity  compared  with  other  districts;  still  it  commends 
itself  to  the  attention  of  the  ironmaster,  occasioning  demand 
when  the  iron  trade  is  active.  ! 

At  an  early  period  iron  ore  (magnetic  oxide,)  was  wrought 
at  Haytor,  near  Ilsington.  Nearly  half  a  century  since,  Mr.  J. 
T.  Kingston,  of  Ilsington,  Devon,  published  a  very  interesting 
account  of  this  deposit  in  the  "  Philosophical  Magazine."  At 
that  time  the  lode,  as  far  as  explored,  exhibited  much  regularity, 
and  is  thus  described :  *'  The  lode  occurs  in  the  clay  schist, 
and  tlie  direction  of  its  strata  is  nearly  north-west  and  south- 
east, underlying  to  the  north-east  at  an  angle  of  22°  or  23** 
only  for  the  first  few  feet  from  the  surface,  but  below  this  the 
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dip  is  very  regular  at  an  angle  of  45°,  the  lode  having  a  width 
of  28  feet,  of  which  16  feet  was  iron  ore."  From  some  experi- 
ments made,  it  appears  this  ore  when  smelted  yielded  iron  of 
a  tough  and  superior  description,  and  was  at  that  time  used  in 
admixture  with  the  argillaceous  ironstone  of  the  coal  measures 
of  South  Wales.  The  Haytor  ore  at  the  period  referred  to  was 
favourably  regarded  for  the  manufacture  of  steel ;  the  average 
yield  of  the  ore  being  about  60  per  cent,  of  metallic  iron,  as 
determined  at  that  period. 

Becent  analyses  of  magnetic  oxide  of  iron  made  in  Dr.  Percy's 
laboratory  by  Mr.  Edward  Eiley,  show  the  following  consti- 
tuents ;  the  ore  is  presumably  that  raised  at  Haytor,  the  i^recise 
locality  of  the  sample  examined  not  being  stated.  It  is  thus 
described :  "  Magnetic  oxide  of  iron,  Dartmoor,  Devonshire.  It 
was  compact,  black,  sub-metallic  in  lustre,  uneven  and  granular 
on  fracture,  and  gave  a  black  streak.  There  was  disseminated 
through  the  ore  a  pale  green  mineral,  which  remained  in  the 
insoluble  residue  obtained  by  digestion  with  hydrochloric  acid. 
Traces  of  bismuth,  tin,  and  copper  were  detected  in  a  solution 
of  900  grains  of  the  ore  " : — 

Results  Tabulated. 

Sesquioxide  of  iron 62*20 

Protoxide  of  iron 16-20 

Protoxide  of  manganese 0*14 

Alumina '        .     .  2*28 

Lime 2*34 

Magnesia 0*37 

SiHca 0*24 

Phosphoric  acid 0*10 

Bisulphide  of  iron 0*07 

Ignited  insoluble  residue 16*26 

Total. 100*82 

Ignited  Insoluble  Besidue. 

SiHca 9*42 

AJumina 1*63 

Protosude  of  iron 1*12 

Lime. 3*18 

Magnesia 1*45 

Potash  and  Soda 0*10 

Total 16*80 

Metallic  iron 57*01 

Y  Y 
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Haytor  has  produced  iron  ore  in  the  quantities  given  in  each 
of  the  years  named : — 


Year. 

Quantities. 

Value. 

Year. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

1858 

3.000 

1,420 

1872 

3,000 

1,800  . 

1859 

1,293 

612 

1873 

600 

450 

1861 

68 

27 

1874 

1,669 

1,500 

1862 

1,356 

542 

1875 

530 

159 

1865 

2,176 

730 

1876 

1,781 

891 

1866 

60 

20 

1877 

2,611 

1,305 

1868 

1,127 

338 

1878 

724 

362 

1869 

505 

151 

1879 

150 

75 

1871 

200 

150 

1880 

3,395 

2,121 

At  Smallacombe^  near  Ilsington,  in  the  clay  slate  or  killas^ 
which  is  traversed  by  masses  of  greenstone  (dolerite,)  highly 
ferruginous  and  much  decomposed  neai*  the  surface,  ores  of  iron: 
of  two  varieties  occur — the  one  brown  hematite  or  limonite,  the 
other  magnetite ;   they  are  thus  described  *  as  they  occur  at 
Smallacombe  :  "  The  limonite  occurs  in  nodules  forming  uTegular 
beds  in  a  tbick  mass  of  variegated  sands  and  clays,  the  innumerable 
layers  of  which  slope  gently  a  few  degrees  only  from  the  horizontal 
to  the  south-east.     The  magnetite  forms  three  or  four  beds  of 
variable  thickness,  occurring  in  a  thick  mass  of  greenstone,  which 
cuts  the  killas  under  and  west  of  the  beds  of  limonite.     The 
general  dip  of  the  greenstone  and  its  enclosed  beds  seems  to  be- 
about  80°  from  the  horizontal  and  their  *  strike '  nearly  norths 
The  brown  iron  ore  beds  have  a  strike  considerably  west  of  norths 
so  that  the  two  series  of  deposits  come  together  near  the  nortli) 
of  the  estate.   The  upper  part  of  the  greenstone,  with  its  enclosed 
magnetite,  is  much  decomposed,  in  fact  it  is  worked  for  umber  ; 
and  at  a  few  fathoms  below  the  surface  large  quantities  of  garnet 
rock  and  crystallised  garnets,  together  with  tolerably  pure  horn- 
blende, have  been  met  with." 

At  Smallacombe  the  beds  of  hematite  are  wrought  in  open 
quarry  workings,  from  which  an  adit  has  been  driven  obliquely 
through  them,  westward  and  northward,  for  a  distance  of  90 
fathoms,  with  the  object  of  reaching  the  beds  of  magnetite  at  a 
greater  depth  under  the  hill. 


i. 


•  "  Note  on  the  Iron  Deposit  at  Smallacombe,  in  Devonshire,"  by  J.  H.  Collin?,. 
F.G.S.,  Miners  Association  Beports,  1872—73  p.  71. 
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An  examination  of  the  iron  ore  raised  at  Smallacombe,  made 
by  Mr.  Child  of  the  Dowlais  Ironworks,  shows  the  following 
constituents.  The  equivalent  of  metallic  iron  contained  in  the 
ore  amounted  to  50*44  per  cent. : — 

Results  Tabulated. 

Sesqnioxide  of  iron 41*96 

Oxygen 17*98 

Iron  as  carbonate 8*48 

Carbonic  acid 9*09 

Alumina 1*20 

Lime       .        .                1*70 

SiUca  ...        .                .                .        .    .  10*15 

Phosphoric  acid nil. 

Snlpnnr trace 

Ma^esia trace 

Moisture 4*83 

Combined  Water 5*49 

Total 100*88 


The  following  are  the  quantities  of  iron  ore  raised  and  sold 
from  the  Smallacombe  deposits ;  ore  was  raised  in  yeai^  other 
than  those  given,  but  the  quantities  are  not  separately  dis- 
tinguished : — 


Year. 

Tons. 

Year. 

Tons. 

1865 
1866 
1868 
1869 

2,176 

1,870 

73 

507 

1 

1871 
1872 
1873 
1874 

352 
1,775 
1.272 
2,069 

Hennock  is  another  locality,  near  Bovey  Tracey  and  north  of 
Hsington,  where  lodes  of  iron  of  a  micaceous  variety  occur, 
varying  from  1  to  12  feet  in  width,  bearing  east  and  west,  and 
occurring  in  a  close-grained  porphyritic  granite,  tjie  ore  being 
associated  with  quartz,  schorl,  clay  and  hornblende ;  a  brown 
iron  ore  also  occurs  at  Bishopsteignton,  in  the  limestone  in 
irregular  masses. 

The  Hennock  deposit  has  been  worked,  at  intervals,  over  a 
distance  of  nearly  2  miles,  and  to  the  depth  of  from  20  to 
80  feet,  and  is  said  to  have  gone  down  very  rich,  the  ore  being 
of  a  micaceous  character,  yielding  55  per  cent,  of  metallic  iron ; 
the  lode  nearly  vertical,  and  about  4  feet  wide,  being  worked  by 
two  adits  driven  on  the  lode  from  the  bottom  of  the  hilL    At 

Y  Y  2 
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Hennock  Mine  in  1872  there  appear  to  have  been  raised  and 
sold  181  tons. 

The  ore  and  its  value  raised  at  Hennock  in  each  year  since 
1873  is  as  follows  : — 


Year. 

Quantities. 

Value. 

Year. 

Quantities. 

Value. 

1873 
1874 
1875 

TonH. 
3,000 
4,386 
1,215 

£ 

2,250 

3,125 

911 

1876 

1877 
1878 

Tons, 
5,712 
3,611 
2,769 

£ 
2,856 
1,805 

1,384 

1 

The  ore  is  delivered  in  trucks  on  the  Devon  and  Somerset 
Bailway,  at  the  Company's  siding,  at  10s.  per  ton,  and  delivered 
in  South  Wales  at  18«.  per  ton. 

At  the  South  Devon  Mine,  near  Buckfastleigh,  occur  lodes  of 
brown  hematite,  coursing  east  and  west,  and  yielding  ore  of  good 
quality,  the  lodes  being  embedded  in  killas  and  limestone.  The 
ore  raised  in  1872  and  1878  amounted  to  880  tons  and  476  tons 
respectively,  and  in  1874  to  255  tons,  the  value  per  ton  being 
15«.,  and  the  yield  of  metallic  iron  55*0  per  cent.  Several  lodes 
of  iron  ore  have  been,  from  time  to  time,  worked  near  Brent,  in 
Devon. 

At  the  Florence  Mine,  North  Molton,  lodes  of  hematite  are 
worked  by  the  Florence  Mining  Company.  The  lodes  dip  at  an 
angle  of  62°,  and  vary  from  4  feet  to  18  feet  in  thickness,  the 
levels  being  opened  on  two  separate  lodes.  Spathose  ore  also 
occurs  at  this  mine,  but  it  is  not  wrought,  as  purchasers  require 
it  calcined.  The  ore  is  said  to  contain  from  50  to  55  per  cent, 
of  metallic  iron,  from  10  to  15  per  cent,  of  silica,  and  free  from 
phosphoric  acid  and  sulphur. 

Spathose  iron  ore  has  been  met  with  in  the  Frank  Mills  Lead 
Mine,  the  lead  lode  passing  into  white  iron  ore  in  depth.  A 
considerable  quantity  of  this  spathose  ore  was  raised,  and  a  few 
small  parcels  were  sold,  but  recently  a  large  pile  of  iron  ore  was 
to  be  seen  amongst  the  waste  heaps  of  the  mine.  Of  this  pile  of 
spathose  ore,  a  few  samples  have  been  taken  from  time  to  time, 
but  the  cost  of  transfer  from  the  mine  to  the  shipping  port  at 
Teignmouth,  prevents  its  being  purchased  for  use.  An  analysis  of 
this  ore  by  Dr.  Noad,  F.R.S.,  gives  the  following  results  : — 
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Results  Tabulated. 

Carbonate  of  iron 68*53 

Carbonate  of  manganese 14*40 

Carbonate  of  lime 6'48 

Carbonate  of  magnesia 7*40 

Sulphide  of  lead  1*80  »  .  sulphur  0-23 

Silica 1*20 

Total 99*81 

Iron  in  raw  ore 38*26 

Iron  in  i-oasted  ore 54*70 


Dr.  Noad  appends  a  note  to  the  above  in  which  he  says,  "  As 
nearly  the  whole  of  the  small  quantity  of  sulphur  which  this  ore 
contains  will  be  expelled  by  roasting,  and  as  it  is  perfectly  free 
from  phosphorus,  he  considers  it  to  be  very  valuable  for  making 
the  higher  qualities  of  iron,  especially  for  steel. 

The  ore  obtained  from  Frank  Mills  smce  1872  was  in  the 
following  quantities  and  values : — 


Year. 

1 

Quantities. 

§ 
Value. 

Year. 

Quant  itieK. 

Value. 

Tons. 

^           1 

Tons. 

£ 

1872 

20 

13 

1877 

12 

9 

1874 

70 

105 

1879 

30 

15 

1875 

100 

bb 

1880 

190 

95 

In  the  neighbouring  lead  mines,  Exmouth  and  South  Exmouth, 
in  Christow,  near  Exeter,  the  same  change  of  the  lode  into  spat- 
hose  iron  ore  took  place.  At  the  latter  mine,  a  few  years  since, 
preparations  for  working  the  iron  ore  were  made,  but  after  raising 
some  fine  samples  from  the  mine  the  adventure  was  abandoned. 

Brown  hematite  iron  ore  is  also  wrought  in  Torbay,  on  the 
south  coast  of  Devon,  within  one  mile  of  Brixham,  and  between 
Torquay  and  Brixham.  The  ore  occurs  in  the  Devonian  lime- 
stone, which  is  tilted  at  a  considerable  angle,  and  broken  asunder 
near  the  surface.  In  the  fissures  formed  by  the  rupture  of  the 
rock,  repose  deposits  of  iron  ore,  a  large  proportion  being  a  hard 
brown  and  massive  hematite,  including  some  kidney  ore  and  soft 
oxide  of  iron. 

The  fissures  containing  the  ore  has  been  said  to  have  a  direc- 
tion east  and  west,  but  from  the  fractured  state  of  the  rock,  it  is 
not  easy  to  determine  this.  It  is  said  to  extend  to  a  distance  of 
800  yards  from  the  sea  coast,  where  the  deposit  at  the  top  of  the 
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cliff  shows  an  irregular  width  of  nearly  80  yards,  and  somewhat 

less  below.    Five  pits  have  been  sunk  nearly  to  the  sea  level,  and 

have  yielded  ore  of  good  quality.     There  are  several  workings  at 

Brixham,  but  they  have  been  in  abeyance  for  some  time  owing  to 

the  depressed  condition  of  the  iron  trade.    The  hematite  deposits 

known  as  the  Brixham  Mines,  including  workings  at  Sharkhem 

Point,  Five  Acres  and  Charter,  have  been  worked  by  Messrs.  W. 

Brown  and  Sons.    Brown  hematite  has  also  been  wrought  at  the 

Upton  Mine,  near  Brixham,  by  the  Upton  Company. 

The  hematite  raised  at  Brixham,  of  two  varieties,  submitted  to 

Dr.  Odling,  F.R.S.,  for  examination,  gives  the  following  results, 

the  first  yielding  66'57  per  cent.,  and  the  second,  48*70  per  cent. 

of  metallic  iron. 

Resxtlts  Tabulated. 


Constituents. 

First 

Second. 

Peroxide  of  iron 
Siliceous  matter  . 

Sulphur 

Phosphorus 

Water 

Organic  matter    .                .     . 

Total     . 

9510 

415 

•12 

trace. 
•14 
•49 

69-58 

14-38 

•15 

•10 

14-39 

1-40 

100-00 

loo-oo' 

Other  analyses  of  the  Brixham  hematite  give  the  following 
results.  One  by  Dr.  Noad,  F.R.S.,  includes  an  examination  of 
the  soft  ore,  and  a  second  of  the  ore  in  lumps,  tlie  first  being  in 
fine  (moist)  powder,  which  was  carefully  dried : — 


Results  Tabulated. 


Constituentd. 

Ore  ill  Powder. 

Ore  in  Lumpa. 

Peroxide  of  iron 

Oxide  of  manganese    .        .    . 

Lime 

Phosphoric  acid   .        ... 
Insomble  sand .... 

Total        .        .    . 

63-42 
0-24 
0-60 
0-28 

35-20 

90-00 
0-30 
0-42 
0-38 
8-60 

99-74 

99-70 

The  jrield  of  metallic  iron  in  the  soft  ore  was  equivalent  to 
44'56  per  cent.,  and  of  the  ore  in  lumps,  68  per  cent.  Dr.  Noad 
adds,  in  reference  to  these  analyses,  that  the  first  is  siliceous  in 
character  and  not  particularly  rich  in  iron;   while  the  second 
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analysis^  of  ore  in  lumps,  constitutes  by  far  the  largest  bulk  of 
the  sample,  to  the  extent  of  seven-eighths  is  rich  and  valuable, 
being  materially  enhanced  by  the  absence  of  sulphur  and  the 
t^mall  percentage  of  phosphoric  acid. 

Of  the  iron  ore  raised  at  the  mines  at  Brixham,  one  kind — a 
brilliant  hematite  of  a  soft  variety — ^is  prepared  and  ground  in  a 
mill  with  linseed  oil  into  paint,  which  is  largely  employed  in 
<.'oating  ironwork,  as  a  preservative  against  corrosion,  and  is 
<!ommercially  known  as  "  Torbay  paint."  The  ore  used  in  this 
|)rcparation  has  the  following  constituents  : — 


Results  Tabulated. 


89-34 
0-33 
0-33 
0-33 


Sesqnioxide  of  iron 

Protoxide  of  manganese 

Alumina 

Lime 

Magnesia 0*20 

Phosphoric  acid 0-13 

Solpniirio  acid trace 

Bisulphide  of  iron trace 

Water  combined 8-83 

Ignited  insoluble  residuo 1*70 

Total 101-19 


These  paints  are  used  extensively  and  advantageously  for 
preserving  iron  from  the  corroding  influence  of  impure  water, 
and  gaseous  exhalations,  and  are  employed  by  water,  gas  and 
railway  companies,  and  in  several  departments  of  the  Govern- 
ment works. 

Other  analyses  of  these  paint  ores  made  by  different  chemists 
for  the  original  proprietor  (Mr.  Wolston),  who  developed  the 
deposits,  are  as  follows  : — 

Results  Tabulated. 


Constitueiitn. 

JoluiJton 
anU  Cuvk. 

Hcrapatii. 

Prince. 

Prince. 

!  Peroxide  of  iron     . 

Silica         .        .        .    . 

Alumina 

Water        .        .        .    . 
,  Lime      .        .        .        . 

Oxjrgen     .        .        .     . 

Oxide  of  manganese 

oH'O 

9-3 

12-3 

200 

«  •  a 

.  »  ■ 

46-7 
21-0 
120 

•  •  • 

2-0 
18-3 
trace 

87-0 
7-0 
2-5 

•  •  • 

1-0 

•  ■  • 

2-0 

66-5 
4-0 
2-0 

... 
•o 
27-0 

... 

Total .        .     . 

i 

99-6 

100-0 

100-0 

100-0 
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The  production  of  brown  hematite  from  the  mines  in  the 
districts  here  referred  to^  is  as  follows,  the  interruptions  in  the 
returns,  showing  that  the  mines  were  in  some  years  either  inactive 
or  their  output  included  in  the  returns  of  other  mines. 

The  value  of  the  ore  F.O.B.  in  the  year  1875  was  15«.  per  ton. 


Pbodxjce  of  the  Bbixhax  Mikes. 


Year. 

TouH. 

1856 

3,700 

1857 

2,000 

1858 

1,400 

1859 

2,220 

1860 

2,400 

1861 

5,227 

1862 

3,550 

1863 

7,014 

1864 

9,768 

1865 

16,710 

Tons. 


20,005 
8,762 

10,976 
6,092 
6,100 
8,772 
1,593 
3,466 
907 
1,603 


These  mines  in  the  year  1880  appear  to  have  produced  some 
862  tons  of  soft  ore,  of  the  value  of  ^£279. 

In  Nortli  Devon  and  West  Somerset,  in  that  hilly  tract  of 
country  extending  from  Ilfracombe  to  near  Bridgewater,  consider- 
able explorations  have  been  made  in  the  iron  ore  deposits,  which 
may  be  said  to  extend  some  thirty  miles  in  lengtli  by  about 
five  miles  in  width.  Within  this  area  at  intervals  various  iron 
mines  have  from  time  to  time  been  opened.  Prof.  W.  W.  Smyth,. 
F.R.S.,  in  a  paper  *  on  the  iron  ores  of  the  district  here  referred 
to,  thus  describes  the  area :  **  If  from  Linton,  where  the  lower 
beds  of  the  range  may  be  examined,  the  observer  travels  south- 
ward, he  will  pass  over  a  constantly  ascending  series  of  strata,  and 
about  Simon's  Bath,  on  Exmoor,  will  reach  the  line  of  irregular 
lenticular  deposits  of  limestone,  which  trending  from  Coombe 
Martin  by  Challacombe,  through  the  midst  of  Exmoor,  to  Cat- 
borough  and  Treborough,  furnishes  an  indication  of  the  general 
strike  of  the  district  and  a  supposed  parallel  to  the  more  massive 
limestones  of  Plymouth." 

The  ores  of  iron  in  Exmoor  occur  both  in  regidar  strata  and 
veins,  and  it  is  evident  from  various  circumstances  that  they  were 


•  "  Iron  Ore  of  Exmoor,"  Geological  Society's  Journal,  1858,  p.  105. 
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known  and  worked  at  an  early  period.  The  ores  occurring  in 
stmta  haye  been  found  on  the  flank  of  Hangman's  Hill,  near 
Coombe  Martin,  in  the  Valley  of  the  Exe,  north-east  of  Simon's 
Bath,  and  in  the  North  Forest,  Exmoor,  in  nodules,  generally  of 
small  size,  and  often  tilted  with  the  shales  in  which  they  occur 
at  such  considerable  angles,  as  to  render  their  working  difficult. 
An  imcommon  variety  of  chocolate  or  claret-coloured  ore,  with 
an  unusually  high  percentage  of  iron,  is  seen  in  the  North  Forest 
of  Exmoor.  The  lodes  or  iron-bearing  veins  of  this  district 
appear  to  have  a  direction  running  east  10^  south,  inclining  at  an 
angle  of  from  45°  to  65°  southwards. 

The  ore  of  some  of  the  veins  has  been  examined  by  Mr. 
Edward  Riley :  the  first,  from  the  Roman  Lode,  Comham  Farm, 
exhibiting  small  crystals  of  specular  iron,  but  with  a  structure 
through  the  mass  resembling  sparry  iron  (carbonate).  The  second 
analysis  refers  to  ore  occurring  in  Rogers  Lode,  some  mile 
distant,  and  south  of  Simon's  Bath  in  the  Deer  Park,  consisting 
of  brown  or  hydrous  peroxide  of  iron,  in  a  state  of  great  puritj-, 
as  evidenced  by  the  millions  of  little  prismatic  crystals  of 
"  Goethite  "  lining  the  interior  of  numerous  cavernous  hollows, 
which  are  interspersed  amidst  a  mass,  bearing  evidently  the 
general  rhombo-hedral  structure  of  sparrj^  iron  : — 

Results  Tabulated. 


1                          Couiititueuts 

First. 

1 

Second. 

i  Peroxide  of  iron  . 

98-41 

71-34 

1  Peroxide  of  manganese 

•  •  • 

16-79 

Oxide  of  manganese             .     . 

'       0-29 

*  •  • 

1  Silica 

1-01 

1-49 

!  Magnesia 

0-lG 

0-22 

Phosphoric  acid 

.  1          0-12 

0-33 

Alumina 

.  1 

>                            •  •  • 

1-10 

Lime        .        .        .        .        , 

»                            •  •• 

0-13 

'  Moisture 

0-13 

0-79 

Combined  water 

« « • 

7-98 

Oxide  of  copper  . 
'  Oxides  of  nickel  and  cobalt 

004 

0-05 

>  1           •  •• 

0-19 

Total     . 

1 

100-16 

100-41 

The  workings  in  Roger's  Lode  above  referred  to,  prove  it 
to  consist  in  a  width  averaging  probably  9  feet,  of  a  loosely 
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agglomerated  ''  Goetbite/'  with  much  the  same  character  through- 
out, occasionally  intermingled  with  bands  of  quartz  and  fragments 
of  the  adjoining  slate  rock.  At  Hangley  Cleave,  on  the  extreme 
south  of  the  Moor,  a  lode  of  from  15  to  20  feet  wide  occurs,  of 
botiyoidal  and  cavernous  brown  ore.  intermingled  with  quartz  and 
slate,  and  is  succeeded,  at  the  depth  of  a  few  fathoms  only,  first 
by  single  nuclei  and  further  by  masses  of  a  pale  coloured  and 
sparry  ore. 

Ore  in  some  quantity  has  been  raised  on  the  Moor  and  conveyed 
to  South  Wales,  but  the  cost  of  carriage  has  operated  unfavourably 
against  the  development  of  the  deposits  on  Exmoor. 

In  North  Devon,  near  Barnstaple,  some  promising  lodes  of  iron 
ore  were  opened  out  a  few  years  since,  at  Spreecombe  and 
Bratton  Fleming,  manganese  being  also  found  in  the  last-named 
mine.  The  lodes  at  Bratton  Fleming  are  situated  on  the  road 
to  Bratton,  close  to  the  village,  parallel  to  each  other,  and  three 
in  number.  These  lodes  are  also  seen  in  Haxon  Lane,  some 
distance  north,  where  they  consist  of  hematite  of  good  quality. 
At  Haxon  Lane,  already  alluded  to,  these  lodes  have  been  laid 
open  by  pits ;  the  north-east  is  about  2  feet  wide,  the  middle 
lode  4  feet,  and  the  south-west  4^  feet  wide.  In  a  field  at 
Haxon,  a  lode  known  as  "  Clegg's  Lode,"  and  another  as  "  Shaft 
Lode,"  has  been  proved ;  the  foimer  is  found  running  in  a  direc- 
tion north  and  south,  and  forms  a  junction  with  the  latter,  which 
bears  noi*th-west  and  south-east.  The  lodes  are  said  to  produce 
ore  of  good  quality.  The  width  of  Clegg's  Lode  is  about  1  foot, 
and  that  of  Shaft  Lode  4  feet.  Again,  at  Brent,  in  South  Devon, 
magnetic  iron  ore  occurs  near  the  river  Avon,  or  Aunn,  in  shallow 
deposits  on  a  mass  of  greenstone.  Other  deposits  in  lodes  appear 
on  Brent  Hill,  but  the  explorations  here  have  been  carried  out 
on  a  very  limited  scale. 

The  earliest  returns  bearing  on  the  production  of  iron  ore  in 
Devonshire  appear  to  refer  to  the  end  of  the  last  century,  when 
between  the  years  1796  and  1802  iron  ore  amounting  to  9,298 
tons  was  shipped  from  the  lodes  at  Coombe  Martin  to  the  iron- 
works at  Llanelly,  in  South  Wales. 

Production  of  Iron  Mines. — Since  the  year  1855  the  produc- 
tion of  the  Devonshire  iron  mines  has  been  as  follows ;  the  output 
of  the  mines  of  the  adjoining  county  of  Somerset  is  given  side  by 
side : — 
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Year. 

I>evuii8bire. 

Somersetshire. 

Tons. 

Tons, 

1855 

1,500 

4,840 

1856 

4,100 

14,620 

1857 

2,000 

25,842 

1858 

4,754 

26,041 

1859 

3,598 

29,083 

1860 

3,836 

24,101 

1861 

5,399 

32,763 

1862 

3,550 

31,413 

1863 

7,014 

34,709 

1864 

11,068 

54,925 

1865 

37,814 

37,984 

1866 

40,671 

35,323 

1867 

10,212 

36,874 

1868 

11,178 

32,450 

1869 

7,104 

27,230 

1870 

10,103 

19,739 

1871 

14,124 

32,883 

1872 

29,361 

30,913 

1873 

31,455 

46,532 

1874 

21,313 

41,432 

1875 

10,594 

45,168 

1876 

9,936 

44,299 

1877 

6,434 

51,928 

1878 

4,493 

43,115 

1879 

592 

14,100 

1880 

12,652 

29,318 

The  value  of  the  Devonshire  iron  ores  about  the  years  1874 
nnd  1873  was  15s.  per  ton,  since  that  date  it  has  been 
declining,  till  in  1879  it  was  but  10*.  per  ton. 

The  latest  returns  show  not  only  increased  production  but 
better  prices,  the  latter  exceeding  15«.  per  ton.  The  mines 
selling  ore  in  1880,  were  as  follows : — 


No. 

1 

2 
3 

4 
5 
6 
7 
8 

District  or  Mine. 

Character  of  Ore. 

Quantities. 

Value. 

Bampfylde      .    . 
Frank  VillH 
Haytor   .        .     , 
Kelley 

Molland  .        .     . 
New  Florence 
Bnzham         .    . 

Brown  Hematite 

Magnetic  Oxide 
Brown  Hematite 

Bed  Hematite . 

Tons.     Cwtfl. 

1,309  4 
190      0 

3,395  0 
22      0 

1,681    11 

5,593  0 
362  0 
100      0 

£        «. 

785     8 

95    0 

2,037    0 

66    0 

1,008  12 

5,593    0 

279    0 

75    0 

Total  0 

f 

Deyonnhire  .        .    . 

t 

12,652    15 

9,939    0 

00 
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Bistarilmtion  of  DeTonshire  Iron  Ore. — ^It  appears  furnaces 
were  erected  some  years  ago  by  the  Messrs.  Sari  and  Sons  at 
Bovey  Tracey  for  the  reduction  of  the  iron  ores  of  that  district ; 
the  furnaces,  however,  were  never  blown  in,  and  tlie  works  have 
long  since  been  abandoned  and  dismantled.  The  ore  is  exported 
to  South  Wales,  and  some  quantities,  though  inconsiderable,  are 
conveyed  to  the  North  of  England.  In  the  annexed  table  will  be 
found  the  quantities  shipped  from  the  respective  poi*ts  of  Devon^ 
together  with  the  quantities  carried  by  the  South  Devon  Railway 
in  each  of  the  following  years : — 


Year. 


I860 
1866 
1867 
1868 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 


Brixliain. 


Tcignmoutii.  1   Dartmouth. 


South  Devon 
Railway. 


Tong. 

Ton». 

33,814 

1,422 

18,867 

1,742 

8,829 

590 

3,563 

345 

5,000 

145 

11,000 

■  •  • 

15,305 

301 

2,263 

703 

2,166 

230 

1,906 

90 

1,603 

290 

•  •  • 
1 
1 

255 

•  •  • 

■  •  • 
•  •  • 

«  ■  • 

Tons. 

1,000 
250 


672 
364 


Tons. 


824 

5,678 

2,566 

1,725 

811 

202 

3,277 


The  railway  returns  for  the  year  1874  give  the  respective 
quantities  canied  &om  the  several  stations  of  the  South  Devon 
Kailway : — 

Railway  Distbibutiox. 

STATIONS.  TOXS. 

Prom  Shaugh  Siding 905 

Kingsbridge  Boad 320 

Newton 857 

Bovey .  3,535 

Buduiastleigh 151 

Total 6,768 


In  the  following  table  will  be  foimd  the  names  of  the  principal 
localities  in  Devonshire   above  referred  to,   with  the   situation 


CHAP.  XIX.] 


DEVONSHIRE   IRON   INDUSTRIES. 


701 


of  the  mines   and  the  amount  of  metallic  iron  contained  in 
tlie  ore : — 


Mines  or  Distriia. 

Situation. 

Character  of  Ore. 

Iron  per  Cent. 

Haytor 

Ilsington 

Magnetic 

57-01 

Hennock         .     . 

i»        •        •     • 

Micaceous  .        .     . 

56-00 

Florence 

North  Molton 

Spathose 

55-00 

Frank  Mills    .     . 

Ohristow         .     . 

i»           ... 

38-26 

Smallacombe 

Ilsingfton 

Brown  Hematite     . 

50-44 

Torbay    .        .    . 

Brizham          .     . 

>i            »        •     • 

66-57 

„     . 

ty                  •            • 

n               »     •          • 

48-70 

j»         .        .    . 

>i            •            •      • 

n               »          •      • 

44-56 

>»     •        •        • 

f> 

»                r      •           • 

63-00 

Bnxham .        .    . 

>>            •           •      • 

Bed  Hematite     .     . 

62-50      1 

South  Devon 

1  Buckfastleigh 

Micaceous 

55-00 

1 

CHAPTEE    XX. 

CORNWALL   IRON    INDUSTRIES. 

Early  references  to  Iron  Ore  Depoaits — Borlase  and  Pryce — Restormel  Iron  Mine* 
account  of — Analyses  of  Restormel  and  other  Iron  Ores  raised  in  Cornwall — 
The  Perran  Iron  lode — Production  and  Distribution  of  Iron  Ore — Mines  and 
Localities  producing  Ore — Distribution  of  Iron  Ore. 

Iron  Ore  Deposits. — This  most  western  countv  of  England 
has  ever  been  famous  for  the  great  richness  and  variety  of  her 
mineral  treasures.  The  ores  of  tin  were  wrought  at  a  very  early 
period,  and  in  Cornwall  and  the  adjoinmg  county  of  Devon  this 
important  ore  occurs  disseminated  through  its  rocks.  Copper 
ore  is  also  abundant,  and  but  few  minerals  known  to  the  miner 
are  absent.  The  ores  of  iron  are  widely  diffused,  occurring  priu- 
cipally  in  the  form  of  lodes,  and  traversing  large  tracts  of  country.. 
These  deposits,  though  long  known,  have  been  but  partially 
developed. 

Borlase,  writing  about  the  year  1758,  mentions  the  fact  of  iron 
ore  being  known  to  exist  in  many  parts  of  the  countj^  though  not 
at  that  time  worked.  Later,  in  the  year  1788,  it  appears  from 
Pryce  that  these  lodes  of  iron  still  remained  unwrought. 

The  iron  ore  deposits  of  Cornwall,  as  above  stated,  occur 
principally  in  lodes ; .  many  of  these  are  known  to  extend  for 
several  miles  in  a  direct  course.  Generally  these  lodes  have  a 
direction  a  few  degrees  west  of  north,  underlying  about  one  foot 
in  a  fathom,  and  containing  hematite  of  the  red  or  brown  variety, 
many  of  these  lodes  being  in  fact  the  cross  courses  of  the 
respective  districts  in  which  they  occur. 

One  of  the  most  important  deposits  of  iron  ore  in  Cornwall  is- 
situated  near  Lostwithiel,  in  the  Manor  of  Bestormel,  held  under 
lease  from  the  Duchy  of  Cornwall,  at  a  royalty  of  6rf.  per  ton, 
and  a  minimum  rent  of  £40  per  annum.  The  sett  is  nearly  a 
mile  and  three-quarters  in  extent  from  north  to  south,  and  is 
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traversed  throughout  nearly  its  entire  length  by  a  large  and  pro- 
ductive lode  of  hematite  ore.  The  deposit  was  originally  opened 
out  by  a  Mr.  Adam  Thompson,  and  the  property  was  subsequently 
acquired  by  the  Messrs.  John  Taylor  and  Sons,  and  worked  under 
the  name  of  the  Royal  Bestormel  Iron  Mine.  Clay  slate  or  killas 
is  the  rock  of  the  district,  dipping  to  the  east ;  the  lode  has  a 
direction  north  and  south,  dipping  one  foot  in  six,  and  consisting 
chiefly  of  iron  ore,  quartz,  and  floocan. 

The  mine  has  been  extensively  worked  by  means  of  day  levels, 
while  the  ore  wrought  is  brought  out  of  the  mine  by  the  deep  adit, 
over  tramways  drawn  by  horses,  to  the  quays  at  Lostwithiel, 
where  the  ore  is  shipped  in  barges  and  carried  to  the  port  of 
Fowey,  whence  it  is  trans-shipped  to  the  ironworks  of  South 
Wales  and  elsewhere.  A  notable  feature  in  the  mine  is  the  new 
winning  below  the  deep  adit,  recently  opened  out,  and  exposing  a 
run  of  ore  ground,  estimated  to  yield  200,000  tons  of  ore.  Here 
the  plan  for  draining,  working  the  mine,  and  dressing  the  ore,  is 
efficient  in  all  respects  for  working  to  a  depth  of  24  fathoms,  and 
even  more,  below  the  adit.  The  engines  are  placed  underground 
at  the  adit ;  one,  a  pumping  engine,  24-inch  diameter  cylinder ;  a 
hauling  engine,  the  cylinder  12  inches  diameter ;  a  double  skip 
road  has  been  made,  and  a  14-inch  plunger  fixed ;  a  brick 
stack  being  carried  up  through  a  shaft  to  the  top  of  the  hill  to 
meet  the  requirements  of  the  engine  and  boiler  houses  con- 
structed under  ground  at  the  adit. 

The  drainage  of  the  mine  is  economically  effected — ^indeed, 
there  is  very  little  water  to  get  rid  of;  while  the  plan  of  working 
by  a  series  of  cross  cuts  from  the  main  levels  which  are  driven 
parallel  to,  and  within  a  short  distance  of  the  lode,  enables  the 
rapid  extension  of  the  main  works  without  interfering  with  the 
extraction  of  the  ore.  In  the  southern  part  of  the  sett  there  is  a 
lode  worked  open-cast,  but  here  little  has  hitherto  been  done. 

The  quality  of  the  ore  obtained  from  Bestormel  is  now  in  some 
request  for  the  manufacture  of  Bessemer  pig.  It  consists  princi- 
pally of  a  crystallised  brown  hematite,  or  Goethite,  occurring  in 
fibrous  and  mammilated  aggregations,  and  also  in  long  prismatic 
crystals.  In  the  upper  levels  crystals  of  carbonate  of  iron  altered 
to  brown  hematite  are  met  with,  while  the  presence  of  manganese 
in  these  ores  render  them  of  value,  and  well  adapted  to  the 
manufacture  of  steel  and  iron.     The  percentage  of  metallic  iron 
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averages  from  40  to  42  and  45.     Recent  analyses,  however,  of 
samples  taken  from  the  12-fathom  level  give  higher  results. 

The  following  are  the  results  of  five  samples  of  ore  made  by 
Mr.  John  Pattinson,  of  Newcastle-upon-Tyne,  for  the  present 
proprietors,  tlie  Bestormel  Iron  Mining  Company,  Limited : — * 


Constituents. 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

Peroxide  of  iron        .    . 

78-57 

56-43 

7714 

75-43 

45-57 

,,         of  manganese . 

4-71 

22-60 

3^15 

•38 

32-57 

Protoxide  of        ,, 

•  •• 

3-46 

•  •  • 

•  •  • 

4-28 

Oxide  of  Cobalt         .     . 

•  •  • 

•13 

•  •  « 

•  •  • 

•21 

Alumina 

100 

3-42 

•90 

100 

1-60 

Lime .        .        . 

trace 

•36 

trace 

trace 

trace    • 

Baryta  .... 

•30 

2-58 

•10 

trace 

3-77    , 

Magnesia  . 

•12 

•12 

•12 

•19 

•38 

Silica     .... 

6-00 

2-83 

9-93 

1397 

413 

Sulphur     .        .        .     . 

trace 

trace 

trace 

trace 

trace 

Phosphoric  acid 

•06 

•33 

•16 

•19 

•40 

Combined  water        .     . 

8-61 

714 

7-65 

8-37 

646 

Moisture 

Metallic  iron      .        .     . 

•39 

•48 

•75 

-26 

•50 

99-81 

99-88 

99^90 

99-79 

99-87 

55-00 

39-50 

54  00 

52-80 

31-90 

Metallic  manganese 

2-97 

16-95 

1-99 

•24 

2387 

It  is  remarked  that  the  amount  of  silica  in  these  samples  is  less 
than  in  others  previously  examined  from  higher  levels,  and  that 
the  ore  contains  manganese  in  important  quantities.  The  bulk  of 
the  ore  may  not  perhaps  show  such  results  as  the  above  samples, 
but  they  nevertheless  indicate  the  probability  of  the  deeper 
workings  yielding  a  more  valuable  ore  than  was  obtained  from 
the  shallower  levels. 

The  ore  has  also  been  examined  by  Air.  E.  Kiley,  F.C.S.,  with 
the  following  results  : — 

Tabulated. 

Moisture  at  212"  Fahr 0^85 

Metallic  iron 46^42 

MetaUio  manganese 3*98 

Siliceous  matter 18*21 

Another  sample  of  ore  dried  at  212''  Fahr.,  giving  51*76  of 
metallic  iron. 

*  Favoured  by  the  Messrs.  John  Taylor  and  Sons,  who  also  furnished  the  fore- 
going particulars  of  the  Kestormel  Mine. 
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The  returns  of  production  of  the  Bestormel  Mine  of  brown 
hematite  since  the  year  1855  are  as  follows  : — 


Year. 

Quantities. 

Year. 

Qoantities. 

Tons. 

Tons. 

1855 

20,807 

1867 

1,005 

1856 

8,229 

1868 

608 

1857 

7,077 

1869 

1,089 

1858 

12,956 

1871 

3,954 

1859 

6,915 

1872 

7,521 

1860 

2,980 

1873 

4,609 

1861 

5,519 

1874 

1,087 

1862 

2,611 

1875 

3,510 

1863 

2,294 

1876 

4,120 

1864 

8,357 

1877 

1,056 

1865 

6,170 

1878 

344 

1866 

4,190 

1880 

1,724 

The  brown  hematite  hitherto  worked  in  Cornwall  occurs  chiefly 
in  a  series  of  great  fissures,  which  cross  the  centre  of  the  county 
on  a  line  nearly  coincident  with  the  magnetic  meridian,  from  a 
point  a  few  miles  east  of  Saint  Austell  on  tiie  south,  to  the  estuary 
of  the  Camel  at  Padstow  on  the  north.  On  the  line  referred  to, 
proceeding  from  south  to  north,  hematite  has  been  worked  at  the 
Euby,  Knightor,  Treverbyn,  Coldbriggen,  Withiel,  and  Pawton 
Mines,  and  similar  ore  has  been  seen  at  Besugga,  Bosevear  Moor, 
Bilberry,  Tresible,  and  other  places.  Of  the  mines  referred  to, 
the  Buby  on  the  south,  and  Pawton  on  the  north,  have  been 
hitherto  the  most  extensively  wrought,  and  have  proved  the  most 
productive. 

The  Pawton  Aline  is  situated  about  five  miles  from  Padstow, 
and  three  from  Wadebridge.  The  lode  bears  about  18°  west  of 
true  north,  and  imderlies  to  the  east  about  1  foot  in  a  fathom. 
It  occupies  a  distinct  fissure  in  the  killas ;  varies  from  about 
1  to  80  feet  in  width,  and  averages  from  6  to  8  feet.  As  is 
usually  the  case,  smaller  parallel  lodes  have  been  observed  on 
either  side  of  the  main  lode,  but  these  have  not  been  worked 
upon.  The  "  Eillas  *'  *  country  is  brownish-red,  rather  soft,  and 
readily  decomposes  when  exposed  to  the  air ;  it  dips  gently  to  the 
north,  so  that  the  lode  cuts  through  it  nearly  at  right  angles  to 
its  general  cleavage,  which  sometimes  coincides  with  its  bedding. 
The  mine  so  far  has  been  but  partially  developed.     The  workings 


•  '*  Killas,"  or  clay  slate* 
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extend  over  a  length  of  about  150  fathoms  in  all,  but  north  of  the 
engine  shaft  these  are  mostly  inaccessible.  In  the  upper  part  of 
the  mine  the  ore  is  partially  red  hematite,  but  most  of  it  is  found 
to  occur  as  brown  hematite.  In  the  stopes  below  the  22-fathom 
level,  the  ore  consists  occasionally  of  red  hematite,  intermixed 
with  spathose  carbonate.  At  all  depths  much  of  the  ore  has  been 
of  botryoidal  form,  and  generally  very  free  from  silica,  sulphur, 
and  phosphorus.  The  workings  have  been  carried  down  88 
fathoms.  A  cross  course,  about  two  feet  wide,  bearing  nearly 
east  and  west,  traverses  the  lode,  and  heaves  it  nearly  two 
fathoms  to  the  left,  which  is  also  towards  the  greater  angle.  Near 
the  cross  course  the  lode  is  more  siliceous  than  elsewhere,  but 
this  adverse  influence  only  extends  to  a  few  fathoms  north  and 
south  of  the  intersection.  The  cross  course  itself  consists  chiefly 
of  quartz,  but  near  the  lode  contains  some  iron  ore  also. 

The  ore  raised  from  the  Pawton  Mine,  examined  by  Mr.  J.  H. 
Collins,  F.G.S.,*  exhibits  the  annexed  results. 

The  first  analysis  consists   of   portions   of  ore  taken  from 

different  parts  of  the  lode,  from  which  a  fair  average  sample  was 

selected : — 

Besttlts  Tabttlated. 

Peroxide  of  iron 93-00 

Carbonic  acid  and  moisture 2*50 

Silica,  chiefly  (quartz)' 3*60 

Sulphur trace 

Phosi>horus trace 

Alumina  and  lime 1*10 

Total 100j20 

Another  sample,  selected  from  ore  obtained  from  the  stopes 
below  the  22-fathom  level,  shows  the  following  results  : — 

Besxtlts  Tabulated. 

Peroxide  of  iron 65*0 

Carbonate  of  iron 26*1 

Silica 4*4 

Sulphur .        .     .  0-2 

Phospihorus trace 

Alumina 1*8 

Manganese 1*0 

Moisture 1*2 

Total .        .        .        .        .        .      99*7 

*  Mr.  Collins  has  most  liberallj  placed  at  the  aathor*8  disposal  the  foregoing 
facts,  describing  the  Pawton  and  other  mines. 
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It  is  remarked  that  the  walls  of  the  lode  are  tolerably  regular, 
that  they  are  not  coated  with  either  siliceous  matter  or  "  capel," 
the  ore  being  frequently  free  from  silica,  even  where  it  is  in 
contact  with  the  killas.  In  many  parts  small ''  horses  '*  *  of  killas 
are  enclosed  in  the  ore,  which  nearly  resemble  the  killas  of  the 
adjoining  country,  as  might  be  supposed. 

At  Knightor,  Treverbyn,  and  Besugga,  the  boundary  line  of 
which  extends  some  600  fathoms  south,  where  it  gains  the  Ruby 
Mine,  some  important  hematite  deposits  have  been  proved,  ex- 
tending through  the  above-named  mine  sett,  consisting  of  a  main 
lode,  and  another  to  the  east.  These  lodes  produced  ore  in  some 
quantities  previous  to  the  year  1873,  since  which  date  very  little 
appears  to  have  been  done,  although  the  ore  there  raised  was  of 
good  quality. 

The  hematite  iron  ore  raised  at  Knightor  and  Treverbyn,  ex- 
amined by  Mr.  Edmimd  G.  Tosh,  F.C.S.,  who  remarks  that  these 
hematites  are  quite  equal  in  purity  and  richness  to  the  best  of 
the  district,  the  first  sample  being  an  aggregation  of  small 
**  kidney  ore,"  in  every  respect  excellent,  gives  the  following 
results : — 


Constitaeiits 


Ferric  oxide 

ManganouB  oxide 

Alumina 

Lime 

Magnesia 

Phosphoric  acid 

Sulpnur 

Siliceous  matter 

Water  and  carbonic  acid 


East  Lode. 


West  Lode. 


94-62 
0-11 
0-27 
0-09 
0-03 
0-018 

trace 
3-39 
0-69 


83-29 
008 
0-55 
0-14 
0-08 
0-025 
0-020 

14-46 
1-19 


99-218 


99-835 


New  Lode. 


84-85 

trace 
0-50 
0-09 
0-02 
0-021 
trace 
11-79 
2-34 


99-611 


Insolttble  Besidxte. 


Silica 
Almnina 


•        •    • 


Metallic  iron    . 


3-39 

•  •  • 

13-86 
0-47 

3-39 

14-33 

66-23 

58-30 

11-08 
0.49 


11.57 


59*40 


*  A  *'  Horse  *'  in  a  lode,  is  a  mass  of  rock  in  the  middle  of  the  vein  of  ore. 

£  z  2 
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Other  analyses  of  the  Knightor  and  Treverbyn  hematite,  made 
by  Mr,  W.  Crosby,  of  Middlesborough,  and  Mr,  J.  H,  Collins,  of 
Truro,  give  the  following  results ;  both  are  described  as  hematite 
ore,  fair  average  samples  being  selected  from  several  points  in  the 
above  mines ;  the  first  containing  68'01,  and  the  second  51'20 
per  cent,  of  metallic  iron  : — 

Results  Tabuulted. 


Gonntituents. 


Peroxide  of  iron  . 

SiHoa        .... 

Alumina 

Lime        .... 

Oxide  of  manganese     . 

Magnesia. 

Sulphur       .        . 

Phosphoric  acid 

Moisture  and  carbonic  acid 


W.  Crosby. 


J.  H.  Collinfl. 


82-87 
8-30 
4-30 
1-24 
0-16 
0-75 

trace 
0-03 
206 


73-2 
14-4 
4-9 
1-6 
0-3 
0-9 
trace 
0-4 
3-4 


99-71 


99-1 


In  the  following  table  is  given  the  production  of  Pawton  in 
Lanivet  and  other  mines  above  referred  to  since  the  year  1860: — 


PAWTON. 

KNIOHTOR  AMD  RUBY. 

TJ^DOCK.* 

Tear. 

Tons. 

Year. 

Tons. 

Year. 

Tons. 

1861 
1862 
1863 
1864 
I860 
1873 
1874 
1876 
1878 
1880 

14,400 
9,876 
7,618 
7,848 
9,626 
1,000 
4,372 
4,625 
617 
810 

1862 
1863 
1864 
1865 
1866 
1867 
1868 
1870 
1871 
1872 

2,000 
2,000 
7,925 
6,545 
7,951 
1,772 
5,937 
5,406 
9,154 
3,901 

1860 
1862 
1863 
1864 
1865 
1872 
1873 
1874 
1875 

1,254 
762 
2,413 
1,177 
121 
844 
512 
250 
200 

The  Perran  great  iron  lode  is  another,  and  the  most>  important 
deposit  in  Cornwall.  Nearly  fifty  years  ago  it  was  referred  to, 
in  the  "  Geological  Transactions,"  by  Mr.  Henwood,  who  says : 
*'  At  the  eastern  extremity  of  Ligger  Bay  is  a  large  vein  bearing 


*  The  lode  at  Ladock  yields  an  ore  of  good  quality  of  hard  brown  hematite  from. 
10  to  12  feet  wide,  embedded  in  a  yeiy  supporting  light  brown  kiUas. 
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south-east,  north-west,  and  dipping  south  60^.  It  contains  hema- 
tite, specular,  and  earthy-brown  iron  ore,  quartz,  and  slate  :  has 
many  cavities  Uned  with  crystals  of  quari^,  and'is  traversed  by 
many  small  quartz  veins."*  Sir  Henry  de  la  Beche  wrote  in 
1889 :  "  There  can  be  little  doubt  that  a  large  supply  of  good 
hematite  iron  ore  could  be  readily  obtained  from  the  district  **  (of 
Cornwall  and  Devon)  "if  the  necessary  demand  existed."  f 

Many  of  the  iron  lodes  of  Cornwall  are  known  to  extend  for 
several  miles  in  a  direct  line,  and  the  depth  to  which  the  ore 
holds  down  is  quite  unknown.  In  many  respects,  however,  the 
Perran  lode  differs  from  most  of  the  others,  especially  in  direction, 
size,  underlie,  and  in  the  nature  of  its  contents.  The  Cornish 
iron  lodes  have  usually  a  direction  a  few  degrees  west  of  north ; 
average  perhaps  8  to  4  feet  wide;  underlie,  about  1  foot  in  a 
fathom,  and  contain  either  red  or  brown  hematite.  On  the  other 
hand  the  Perran  lode  bears  about  85^  north  of  west ;  averages 
perhaps  30  feet  in  width  for  a  course  of  several  miles ;  underlies 
from  8  to  4  feet  in  a  fathom,  and  contains  in  depth  large  quanti- 
ties of  carbonate  of  iron,  or  spathose  iron  ore. 

The  lode  is  seen  on  the  northern  coast  of  Cornwall  at  Perran 
Bay,  where  it  attains  a  width  of  nearly  100  feet,  consisting  of  two 
great  branches,  divided  by  a  horse  of  killas  or  clay  slate.  The 
most  productive  part  hitherto  explored  is  that  extending  to 
Mount  and  Trebisken,  a  distance  of  some  four  miles  from  the 
coast.  It  has  been  traced  to  the  neighbourhood  of  Grampound, 
but  this  latter  portion  of  the  lode  has  not  been  worked.  The 
first  workings  were  commenced  by  Mr.  Samuel  Hockaday,  the  ore 
being  quarried  near  the  cliff  at  the  outcrop,  drawn  up  over  an 
incline  and  carted  to  Newquay,  a  distance  of  about  six  miles, 
where  it  was  shipped  to  the  ironworks  of  South  Wales.  Mr. 
Hockaday,  above  referred  to,  also  opened  the  Mount  Mine,  about 
a  mile  and  a-half  inland  on  the  same  lode.  From  him  it  passed 
to  the  Saint  Columb  Bank,  and  when  that  failed,  to  the  Agra  and 
Mastermans'  Bank.  Very  considerable  workings  were  made  on 
the  lode  at  the  Great  Betallack  and  Duchy  Peru  mines,  which  is 
now  worked  for  zinc.  From  the  extent  of  the  excavations  it  is 
probable  that  not  much  less  than  100,000  tons  of  iron  ore  have 
been  removed  from  this  part  of  the  lode. 

*  "  Transactions  of  the  Royal  Geological  Society  of  ComwaU,**  vol.  ▼. 
t  *'  Geological  Report  on  Ck)mwall,  Deron,  and  West  Somerset/*  p.  618. 
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Previous  to  the  year  1865  a  contract  was  entered  into  between 
the  manager  of  the  Dowlais  Iron  Company,  and  Mr.  Garter,  of 
Saint  Columb,  for  the  supply  of  40,000  tons  of  the  ore.  The 
contract  was  fulfilled,  but  the  difficulties  of  transport  prevented 
a  renewal  of  the  contract,  which  was  much  to  be  regretted,  as 
the  ore  gave  satisfactory  results  in  reduction  to  the  metallic 
state.  About  the  year  1874  this  lode  was  vigorously  worked 
by  the  Cornish  Consolidated  Iron  Mines  Corporation ;  the 
principal  workings  are  at  Gravel  Hill,  the  Moimt  Mine;  still 
farther  east  the  great  excavations  at  Treamble  are  situated;  a 
branch  of  the  Newquay  Railway  leading  to  the  quarries.  The 
Great  Betallack  Mine  adjoins  to  the  north  and  east ;  here,  in 
working  the  iron  lode,  some  GO  or  70  tons  of  silver  lead  ore 
were  obtained,  the  ore  containing  £rom  15  to  80  ozs.  of  silver 
per  ton. 

At  Great  Betallack  the  lode  is  found  to  be  several  fathoms 
wide ;  at  one  point  the  workings  are  down  a  depth  of  40  fathoms, 
where  it  was  found  to  be  rich  for  iron,  with  a  little  blende  for  the 
first  25  fathoms,  but  at  a  greater  depth  the  blende  increased,  and 
for  several  months  upwards  of  600  tons  per  month  were  raised 
and  sold  at  a  very  low  price.  The  next  workings  on  the  lode  to 
the  east  of  Great  Betallack  are  those  of  the  Duchy  Peru  Mine 
and  Deer  Park,  where  extensive  excavations  mark  the  position  of 
the  Great  Perran  iron  lode.  At  the  Duchy  Peru  Mine  the  old 
workings  on  the  lead  and  copper  lodes  were  carried  to  a  depth  of 
50  fathoms  on  the  iron  lode,  where  white  spathose  iron  ore  was 
met  with ;  here  the  celebrated  Peru  lode  comes  in  contact  with 
the  great  iron  lode. 

Cellular  brown  hematite  also  occurs,  and  has  been  raised  in 
some  quantity  on  the  western  boimdary  of  the  Duchy  sett.  The 
ore  here  contains  several  ounces  of  silver  to  the  ton,  but  not 
sufficient  to  pay  for  extraction.  Much  of  the  ore  contains  large 
"  Vugs."  *  Many  of  these  contain  a  loosely-fitting  kernel  of  white 
carbonate  of  iron.  The  space  between  the  kernel  and  the  en- 
closed shell  is  often  filled  with  water,  which  is  quite  clear  and 
tasteless. 

The  "  Killas  *'  country  about  the  great  lode  at  the  Duchy  Peru 
Mine  seems  to  be  much  disturbed ;  south  of  the  lode  it  is  hard. 


«  « 


Vug  "  or  "  Vugh."    In  mining,  a  cayity,  a  hollow  in  the  rock  or  lode. 
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and  appears  to  dip  towards  it,  but  next  the  lode  it  is  soft,  and 
dips  with  it ;  and  it  is  stated  that  the  great  bunches  of  ore  in  the 
Perran  lode  appear  to  occur  where  it  is  crossed  by  the  numerous 
north  and  south  lead  lodes  of  the  district. 

Becent  analyses  of  the  spathose  ores  raised  at  the  Duchy 
Peru  and  Mount  Mines,  give  the  following  results.  The  two  first 
analyses  are,  from  fair  average  samples,  of  several  thousand  tons, 
while  that  of  Mount  Mine  was  from  a  stone  taken  promiscuously 
from  a  heap,  and  weighing  about  14  lbs.  The  three  analyses 
were  made  by  Mr.  J.  H.  Collins,  of  Truro  : — 

Eesttlts  Tabulated. 


Constituenta. 


1. 


Protoxide  of  iron 

Protoxide  of  manganese  . 

Lime    .... 

Magnesia. 

Sulphur 

Phosphoric  acid 

Insoluble 

Moisture,  alumina,  and  loss 

Carbonic  add 


48-00 

6-80 

•63 

2-32 

•43 

•10 

3-60 

1^52 

?6-60 


100-00 


46-27 

6-97 

1-37 

1-88 

•28 

trace 
3-40 
4-25 

36-58 


10000 


The  spatliose  ore  raised  at  Mount  Aline  gave  the  following 
results  on  examination  : — 

Besttlts  Tabttlated. 

Carbonate  of  iron 7900 

Carbonate  of  manganese 9*10 

Carbonate  of  lime 4-90 

Carbonate  of  magnesia 5*20 

Sulphur 0-20 

Phosphorus trace 

Sihca  moisture     )  o.qq 
Alumina  and  loss  j 

Total              .                ...  100-40 


Beyond  Deer  Park  the  outcrop  of  the  lode  is  seen  on  Penhallow 
Moor,  where  trials  only  have  been  made. 

Of  the  ii'on  ore  raised  from  the  several  workings  on  the  Perran 
lode  the  annexed  analyses  fairly  show  their  composition;  the 
first  two  from  Gravel  Hill,  by  Mr.  J.  H.  Collins ;  the  third  and 
fourth  by  Mr.  John  Mitchell,  locality  not  stated  : — 
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Confitituents. 

Gravel  Hill. 

Gravel  HUI. 

Perran  Ore. 

Penan  Ore. 

Peroxide  of  iron        .     . 

68^30 

70^82 

91-428 

•  •  • 

Protoxide  of  iron   . 

•  • . 

•  ■  • 

trace 

48-625 

Oxide  of  manganese  .     . 

11 

•98 

•174 

traoe 

liime      «... 

•  1 

» * 

•  •  • 

•110 

trace 

Magnesia  . 

•  ■ 

• 

•  •  ■ 

•129 

•  ■  • 

Potafih   .... 

• 

,  ^ 

•  •  • 

•076 

■  •  • 

Soda 

•  < 

1  ■ 

•  •  ■ 

•054 

•  •  • 

Silica     .... 

11 

•41 

11^40 

M40 

13750 

Alumina    .                .     . 

1 

'34 

207 

•  •  • 

6-250 

Carbonic  acid 

• 

1 « 

•  •  ■ 

«  ■  • 

29-362 

Phoerphoric  acid         .     . 
Sulpnnric  acid 

1 

•21 

1-84 

•072 

•  >> 

• 

1  • 

1^12 

•013 

1-255 

Water  and  loss  .        .    . 

15-32 

ir40 

6^804 

•758 

97^69 

99^63 

100000 

100-000 

The  equivalent  of  metallic  iron  in  the  Gravel  Hill  ore  amounts 
to  53  per  cent.^  and  of  the  brown  and  spathose  ore  of  Perran  64 
and  88  per  cent,  respectively,  while  as  regards  the  last  ore  it  was 
found  to  contain  8  ozs.  8  dwts.  and  8  grains  of  silver  per  ton. 

The  ore  raised  at  Treamble  Mine,  of  three  varieties  of  fair 
average  samples,  show  the  annexed  constituents.  The  first 
analysis  is  by  Dr.  Noad,  the  second  by  Mr.  Collins,  and  the  third 
by  the  Wigan  Coal  and  Iron  Company : — 


Constituents. 

Brown 
Hematite. 

KiclncyOre.       g^^^^ 

Silica 

Peroxide  of  iron  .                .    . 
Peroxide  of  manganese     . 
Protoxide  of  iron                  .    . 
liime        ..... 

Magnesia 

Alumina 

Snlpburic  acid 

Phosphoric  acid 

Carbonic  acid       .        .        .     . 

Water      .... 

4-20 
69-10 
14-00 

•  •  • 

•80 

•  •  • 

•  •  • 

•24 

•  •  • 

n-60 

10-00 
78-10 
trace 

•  ■  « 

trace 

•  •  ■ 

trace ^ 

•  •  ■ 

1-44 
10-00 

1-74 

•  ■  • 

813 

51-61 

1-51 

•36 

•  •  « 

•15 
trace 
35-55 

•  •  • 

99-94 

99-54 

99-05 

Metallic  iron 

1 

66-23 

■  •  • 

•  •  * 

The  production  of  the  several  mines  on  the  Perran  lode  above 
referred  to  are  given  as  follows,  and  this  important  deposit  can 
famish  considerable  quantities  of  ore  to  the  ironmaster  whenever 
circumstances  may  arise  causing  increased  demand : — 


CUAP.  XX.] 


CORNWALL  IRON  INDUSTRIES. 


718 


DUCHT  PERU. 

TREBI8KEN  AXD  MOUNT. 

TRKAMBLB. 

Year. 

Tons. 

Year. 

Tons. 

Year. 

Tons. 

1858 

2,762 

1859 

4,338 

1859 

2,391 

1859 

1,995 

1860 

2,641 

1860 

1,312 

1860 

4,895 

1861 

1,860 

1864 

222 

1862 

169 

18^ 

2,876 

1873 

426 

1863 

3,950 

1865 

6,193 

1874 

9,438 

1864 

2,366 

1866 

1,234 

1875 

958 

1865 

3,539 

1871 

2,785 

1876 

426 

1866 

150 

1872 

8,293 

1880 

2,728* 

1872 
1873 

50 
528 

1873 
1874 

4,706 
2,545 

—        ■      ..  _                .                              — .  *      , 

1874 
1875 

2,566 
412 

1875 
1876 

374 
517 

GREAT  RETALLAOK. 

1876 
1878 
1880 

1,121 

17 

3,238 

1877 
1880 

283 
379 

Year. 

Tons. 

1858 
1859 

4,017 
6,609 

At  Gravel  Hill  2,505  tons  of  iron  ore  were  raised  in  the  year 
1874,  and  494  tons  in  1875.  Again,  in  1876  about  the  same 
quantity,  increased  in  1880  to  2,652  tons. 

West  of  Bodmin,  and  distant  some  three  miles  at  Boscame, 
occurs  a  lode  partly  wrought ;  this  lode  has  a  run  of  some  750 
fathoms,  worked  to  a  depth  of  20  fathoms,  with  an  average  width 
of  1  fathom.  Other  lodes,  known  as  the  NantaUon  lodes,  occur 
south  of  Boscame ;  these  are  three  in  number,  running  with 
little  variation  north  and  south,  with  a  slight  underlie.  Two  of 
the  lodes  have  a  range  of  nearly  1,750  fathoms,  while  the  third 
has  a  range  of  2,200  fathoms.  The  average  depth  to  which  these 
lodes  have  been  worked  does  not  exceed  20  fathoms,  while  in 
width  one  is  8  feet,  and  the  remaining  two  are  each  6  feet  or  1 
fathom  in  width.  The  ore  wrought  at  Nantallon  is  of  the  variety 
known  as  "fibrous  kidney  ore,"  the  iron  existing  in  the  form  of 
hydrated  peroxide. 

At  Tregome,  to  the  west  of  Mulberry  Hill,  hematite,  of  an 
irregular  structure  and  associated  with  quartz,  has  been  wrought, 
occurring  as  anhydrous  peroxide,  the  lode  having  a  range  of  some 
600  fathoms,  80  fathoms  in  depth,  and  with  an  average  width  of 
8  feet.  Other  lodes  occur  to  the  west  and  south  of  Bodmin ;  at 
Tremoor  two  lodes,  extending  some  2,000  yards,  15  fathoms  deep, 
and  with  an  average  width  of  3  feet ;  again,  at  Withiel,  Retire^ 

*  Perran  Mines,  including  Treamble  and  othen. 
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Coldvreath,  and  Trerank.  The  Coldvreath  lodes  have  formerly 
been  worked  to  some  extent,  their  direction  extending  800  fathoms 
north  and  south,  16  fathoms  in  depth,  and  having  an  average 
width  exceeding  1  fathom.  The  ore  raised  at  Coldvreath  is  known 
as  compact  hematite,  a  small  portion  being  distingoished  as 
"kidney  ore." 

Many  other  localities  in  Cornwall  are  known  to  yield  iron  ore 
of  good  quality;  in  the  district  of  Constantine,  to  the  east  of 
Falmouth,  a  lode  of  iron  ore,  wrought  in  recent  years,  varying 
from  6  feet  to  6  inches  in  width,  has  produced  ore  in  notable 
quantity.  In  the  district  of  Saint  Columb  lodes  occur,  one 
worked  at  the  Huthers  Mine.  Again,  we  have  those  of  Indian 
Queens  and  Trelivier,  near  Saint  Austell ;  the  former  was  opened 
out  about  the  year  1866,  and  continued  in  operation  nearly  ten 
years. 

The  ores  raised  in  the  neighbourhood  of  Saint  Austell,  near 
Grampound,  at  the  Kemick  and  Bodennick  mines,  is  a  brown 
hematite,  the  thickness  of  the  lode  at  the  former  varying  from 
27  to  31  feet,  and  the  latter  having  an  average  of  13  feet  6  inches ; 
these  have  been  partially  wrought.  The  ores,  examined  by  Dr. 
Noad  and  Dr.  Perkins,  are  described  as  compact  brown  hematite, 
intermixed  with  spar  at  the  outcrop,  but  comparatively  free  from 
it  about  14  feet  below ;  they  contain  by  analysis  from  76  to  80 
per  cent,  of  peroxide  of  iron,  some  oxide  of  manganese,  no  sul- 
phur, and  a  small  admixture  of  phosphoric  acid.  The  following 
are  the  results  : — 


Constituents. 

Peroxide  of  iron  . 
Oxide  of  manganese 
Lime    . 
Magnesia . 
Sulphur 
Phosphoric  acid 
Silicate  of  alumina 
Water      . 


Dr.  Noad. 

Dr.  Noad. 

Dr.  Perkins. 

7600 

79-56 

80-20 

3-20 

1-20 

2-01 

1-00 

1-20 

•14* 

•  •  « 

•53 

•  •  • 

•  •  • 

•30 

.  •  • 
•28 

•09 

10-00 

7-20 

15-50t 

9-50 

10-00 

2-06 

100-00 

99-97 

100-00   . 

The  equivalent  of  metallic  iron  contained  in  the  peroxide  being 
respectively  53'2  per  cent.,  55'6  per  cent.,  and  56'17  per  cent. 


Lime  and  almnina. 


t  SUica. 
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At  South  Terras,  near  Grampound  Boad,  a  magnetic  ore  of 
iron  is  wrought,  gi^'iiig  on  examination  the  following  results  : — 

Results  Tabulated. 

Magnetic  oxide  of  iron 84*24 

Peroxide  of  iron 3*84 

Magnesia trace 

Lime trace 

Phosphoric  acid trace 

Sulphur  and  sulphuric  acid ^  trace 

Lead faint  trace 

Oxide  of  magnesia 1*06 

Alumina 1*35 

Silica  of  gangue 7*51 

Water 200 

Total 10000 


Trodnction  of  Iron  Ore. — The  produce  of  a  few  of  the  more 
important  iron  mines  has  already  been  given ;  in  the  table  below 
appears  the  total  output  of  the  mines  of  Cornwall  in  each  year 
since  1855  : — 


Year. 

QiiftQtities. 

Year. 

Quantities. 

Tons. 

' 

Tona. 

1855 

24,057 

1867 

6,426 

1856 

22,650 

1868 

8,310 

1857 

19,359 

1869 

4,619 

1858 

55,150 

1870 

11,214 

1859 

35,213 

1871 

21,947 

1860 

23,953 

1872 

48,199 

1861 

26,262 

i         1873 

31,455 

1862 

24,626 

1874 

45,055 

1863 

18,975 

1875 

11,403 

1864 

34,210 

'        1876 

18,390 

1865 

36,112 

1        1877 

4,963 

1866 

18,683 

1878 

1,308 

In  the  year  1874,  when  the  Cornish  ores  were  in  good  demand, 
the  following  will  show  the  value  per  ton : — Gravel  Hill,  Tre- 
amble,  and  the  Duchy  Peru,  158.  6d. ;  Pawton,  16«. ;  Ladock, 
17«. ;  Coldvreath  ore,  17«.  6d. ;  and  Blackhay,  16«.  per  ton.  In 
the  year  1879  the  last-named  mine  was  the  only  one  in  Cornwall 
working ;  it  produced  but  400  tons,  of  the  value  of  ;£240,  giving 
an  average  value  of  128.  per  ton.  In  1880  greater  activity  ap- 
pears, the  total  output  amounting  to  15,865  tons,  of  the  value  of 
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£9^845,  giving  an  average  of  128.  per  ton.    The  produce  and  value 
of  the  iron  ores  raised  were  as  follows  in  the  year  1880 : — 


No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

District  or  Mine. 

Character  of  Ore. 

Quantities. 

Value. 

Blackhay         .     , 

Duchy  Peru 

Gravel  Hill     .     . 

Lanivet 

Bestormel       .    . 

Bathers 

Mount 

Mount. 

South  Terras  .     . 

Betew . 

Perran  Mines .     . 

Brown  Hematite 
>♦           >»           < 
>»           >»           ' 
>»           i»           " 
»>           »i           « 

Bed  Hematite     . 

Spathose 

Brown  Hematite 

>♦           »» 
>»           •' 
>»           »> 

Tons.     Cwts. 
950      0 

3,238      0 

2,652      0 
810      0 

1,724    17 
134    10 
269    16 
110      0 

3,000      0 
248      0 

2,728      0 

£        a. 

570     0 

1,942  16 

1,856    8 

486    0 

1,120  12 

94    2 

134  18 

55    0 

1,800    0 

148  16 

1,636  16 

Total  0 

f 

Cornwall  . 

» 

15,865      3       9,845    8 

The  principal  iron  mines  in  Cornwall,  their  situation,  with  the 
character  of  the  ore  raised,  appear  in  the  following  table  : — 


Iron  Mines. 

Localities. 

Character  of  Ore. 

Blackhay  .        .        .     . 

Withiel        .    . 

Brown  Hematite. 

Colbiggen 

Boche 

>«            >> 

Coldvreath        .        .    . 

St.  Austell  . 

»>           »i 

Constantine   . 

Constantine 

>>            »> 

Deer  Park.                *    . 

Perran 

)>                         99 

Duchy  Peru  . 

>> 

Spathose  and  Hematite. 

Gravel  HiU       .        .    . 

>f      • 

11                   >> 

Granville  East  Wheal    . 

Camborne 

1}                   >> 

Kuightor  and  Treverbyn 

St.  Austell  . 

Brown  Hematite. 

Ladock  .... 

Ladock     . 

>»           >» 

Lanivet     .        .        .     . 

Lanivet 

>»           >» 

Mount  and  Trebiskin     . 

Perran 

Spathose  and  Hematite. 

Old  Treburgett .        .     . 

St.  Teath     . 

>>                    >> 

Mills,  New    . 

Ladock 

Brown  Hematite. 

Pawton      .                .     . 

St.  Breocks 

»>           »» 

Bestinnis 

St.  Blaze^ 

>>           >> 

Bestormel.        .        .    . 

Lostwithiel 

j»           >» 

Buby  and  Tregurthy     . 

St.  Austell 

)i           i> 

St.  Stephens      .        .    . 
South  Terras  . 

)) 

II           i» 

Grampound 

11           i» 

Treamble  .                .     . 

Perran 

Spathose  and  Hematite. 

Trebarvah 

>>           • 

Brown  Hematite. 

Tretoil       .... 

Bodmin 

1)            }> 

BistrilmtLon  of  Ore. — The  iron  ores  of  Cornwall,  in  times  of 
commercial  activity,  are  in   good  demand  for  the  economical 
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production  of  iron,  either  when  used  alone  or  in  admixture  with 
poorer  ores.  These  ores  find  a  market  in  Mid-England  and  the 
Northern  iron-making  districts.  The  principal  shipping  ports  on 
the  north  coast  are  Padstow,  New  Quay,  Saint  Agnes;  and  on  the 
south  coast,  Truro,  Fowey,  and  Charlestown.  As  far  as  returns 
are  obtainable  the  table  below  gives  the  quantities  shipped  in  each 
year  since  1859  from  the  ports  named  : — 


PAOSTOW. 

NEW  QUAY. 

Year. 

Tons. 

Year. 

Tons. 

1859 
1861 
1864 
1865 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

8,806 
8,209 
7,618 
9,626 
4,350 

468 
1,256 
1,200 

933 
2,132 
6,132 
6,486 
6,406 
2,089 
4,605 

443 

617 
75 

810 

1865 
1866 
1868 
1879 

1880 

4,000 
1,602 
2,164 
100 
5,860 

ST.   AOXES. 

Year. 

Tons. 

1865 
1866 
1871 
1872 
1873 
1874 
1875 

4,400 

1,974 

526 

2,234 

2,027 

118 

196 

TRUaO.                                      1                               CHABLESTOWN. 

Tear. 

Tons.               1           Year. 

Tons. 

1865 
1866 
1871 
1872 

1,700 
2,637 
3,500 
7,200 

1876 
1877 
1878 
1879 

1,779 
662 
225 
152 

The  Cornwall  and  South  Devon  Railway  has  also  distributed 
some  of  the  Cornish  iron  ore  as  follows  in  each  of  the  years 
given : — 


Year. 

1876 
1877 


Tons. 

2,566 
1,725 


Yenr. 
1878 

1879 


Tons. 

811 
202 
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And  in  the  year  1880  some  3,277  tons.  The  quantities  given 
are  comparatively  unimportant,  but  they  serve  generally  to  show 
the  depressed  condition  of  the  iron  industries  of  Cornwall  at  the 
present  time.  On  the  other  hand,  Cornwall,  whenever  the  demand 
may  arise,  may  probably  supplement  the  resources  of  our  iron- 
making  districts  by  the  development  of  her  ferruginous  deposits, 
and  expand  an  important  industry  in  the  interest  of  that  western 
county. 


CHAPTER    XXI. 

IRON    INDUSTRIES    OF    SCOTLAND. 

Iron  Ores  of  the  Coal  Measures — Clay  Bands  and  Black  Bands — Discovery  of  Black 
Band  Iron  Ore  by  Mushet,  in  1801 — Analyses  and  Production  of  Clay  and 
Black  Band  and  other  Iron  Ores — Population  employed  in  Iron  Mining — Pig 
Iron  Manufacture — Early  History,  1750 — Charcoal  Iron — Carron  Works — 
Smeaton's  blowing  machinery — Account  of  Devon  Iron  Works,  1782 — Hot 
Blast,  invention  by  Neilson,  1829 — Extension  of  Iron  Works  and  their  resources 
— Production  of  Pig  Iron — Works  in  1880 — Distribution  and  average  prices  of 
Pig  Iron — Exports  and  Home  Consumption — Malleable  Iron  Works — Account 
of  Dalziel  Steel  Works — Production  of  Malleable  Iron  and  prices — Coal  and 
Iron  Ore  used  in  Pig  Iron  Manufacture — Iron  Shipbuilding. 

Zronstcme  of  the  Coal-fields  and  AnalTses. — The  principal 
ironstone  measures  have  been  already  referred  to  in  the  several 
sections  given  in  the  coal-fields  of  Scotland.  A  brief  notice  of 
the  black  band  ironstone,  which  has  so  largely  contributed  to  the 
development  of  the  iron  industries  of  Scotland,  will  here  be 
interesting.  It  was  originally  discovered  by  Mr.  Robert  Mushet 
in  the  year  1801,  at  Airdrie,  near  Glasgow,  in  Lanarkshire,  but  it 
does  not  appear  to  have  come  into  general  use  till  about  the  year 
1880.  The  Possil  black  bands  were  discovered  in  the  year  1888, 
and  have  an  average  thickness  of  9  inches.  Subsequently  in  the 
year  1840,  black  band  ironstones  were  discovered  in  Ayrshire, 
giving  rise  to  the  important  ironworks  of  Blair  and  Glengamock ; 
and  some  years  later  it  was  found  extending  from  Dairy,  in  Ayr- 
shire to  Banton,  in  Stirlingshire,  and  more  recently  at  Lugar  and 
DalmeUington,  in  Ayrshire ;  at  Forth,  Lochgelly  and  Lumphin- 
nans,  in  Fifeshire  ;  at  Borrowstoness  and  Almond  in  Stirlingshire, 
and  in  other  places. 

A  very  important  seam  of  ironstone  was  discovered  a  year  or 
two  since,  24  inches  thick,  on  the  lands  of  the  Carron  Iron  Com- 
pany, near  Eastgrange,  Culross ;  the  same  seam  was  long  known 
and  worked  to  the  east  of  the  locality  above  referred  to,  and  a 
search  was  instituted  for  its  discovery.  Boring  operations  were 
cajried  on  for  several  months,  and  at  a  depth  of  140  fathoms  the 
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efforts  of  the  borers  were  rewarded  by  cutting  this  valuable  seam* 
It  is  related  that  some  years  previously  similar  operations  were 
conducted  by  the  Shotts  Iron  Company  on  the  same  estate,  the 
borings  being  carried  to  a  depth  of  100  fathoms,  but  not  meeting 
with  the  seam  the  company  relinquished  the  lease. 

Brown  Iron  Ore. — Ores  of  iron  occur  and  are  worked  in  some 
few  localities  in  various  parts  of  Scotland,  but  to  a  very  limited 
extent,  due  in  most  cases  to  the  remote  districts,  the  want  of 
cheap  carriage  to  the  ironworks,  and  the  necessary  fuel  for  their 
reduction.  In  Ayrshire,  hitherto,  hematite  has  been  worked  at 
Muirkirk  and  at  \Yhytock ;  in  Haddingtonshire  at  Garleton,  and 
in  Shetland  at  Sandlodge ;  also  in  the  northern  counties  of  Aber- 
deen  and  Moray,  and  in  Kirkcudbrightshire  at  Auchencaim. 
The  great  bulk  of  the  hematite  employed  in  the  blast  furnaces 
of  Scotland  is  imported  from  the  west  coast  of  Lancashire  and 
Cumberland,  from  Spain  and  other  foreign  countries. 

The  iron  ores  most  generally  employed  in  the  furnaces  of 
Scotland  are  black  bands  and  clay  bands,  and  a  certain  admixture 
of  brown  iron  ores  previously  referred  to.  Black  band  ironstone 
may  be  described  as  a  compact,  dull,  earthy  mineral,  with 
frequenUy  a  schistose  or  ribbon  structure,  varying  in  colour  from 
deep  brown  to  black.  Some  varieties  contain  little  but  carbonate 
of  iron  and  carbonaceous  or  bituminous  matter,  silica,  alumina, 
lime  and  manganese  entering  into  their  constituents  in  a  very 
minute  proportion.  The  carbonaceous  matter  contained  in  these 
black  bands  is  generally  suflBicient  to  effect  their  calcination  with- 
out the  aid  of  additional  fuel.  They  are  very  valuable  ores,  easily 
and  cheaply  calcined  in  heaps  in  the  open  air,  the  residue  yielding 
from  60  to  70  per  cent,  of  metallic  iron. 

Mushet's  black  band  is  thus  constituted,  as  determined  by  the 
analysis  of  Dr.  Colquhoun,  who  devoted  considerable  attention  to 

the  iron  ores  of  Scotland  : — 

Eesults  Tabtjlatkd. 

Carbonic  acid 35'17 

Protoxide  of  iron 53*03 

Lime 3-33 

Magnesia 1*77 

Silica 1-40 

Alumina 0*63 

Peroxide  of  iron 0*23 

Bituminous  matter 3*03 

Water 1*41 

Total 100*00 
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The  amount  of  metallic  iron  being  equivalent  to  40  per  cent. 
The  wide  variation  in  the  produce  of  various  measures  of  black 
band  ironstones  appear  in  the  annexed  table  of  analyses : — 


Tabulated  Resttlts  of  Scotch  Black  Band  Ironstones. 


Constituents. 


Carbonic  acid   . 

Protoxide  of  iron 

Lime 

Ma^esia 

SUica 

Alumina 

Protoxide  of  manganese 

BituminonB  matter 

Phosphoric  acid 

Sulphur 

Iron  combined  with  sulphur 

Water. 


Total     . 

Metallic  iron 
Yield  of  calcined  ore 
Metallic  iron  in  calcined  ore 
Silica  in  calcined  ore 


1. 


3271 
47*31 
1-79 
1-73 
1-20 
0-80 
1-67 
10-40 
0-59 


1-80 


100-00 


36-80 


32-61 
42-02 
3-65 
3-64 
4-40 
2-64 
0-82 
9-12 
0-46 


0-74 


100-00 


32-68 


« • 


3. 


22-87 

3214 
2-82 
1-08 

12-40 
706 
1-06 

18-60 
0-82 
0-22 
0-19 
0-76 


100-00 


25-19 
61-28 
41-10 
20-24 


4. 


33-08 
41-65 
6-76 
3-52 
0-52 
0-96 

11-16 
0-84 
0-25 
0-22 
2-04 


100-00 


32-62 

68-20 

66-04 

0-90 


5. 


30-74 
4419 
2-22 
0-91 
2-12 
0-92 
1-93 
16-52 
0-43 
0-22 
0-19 
0-61 


100-00 


34-56 

66-41 

61-27 

3-76 


6. 


30-96 
45-78 
1-79 
1-30 
1-60 
1-28 
112 
7-85 
0-65 
3-28 
2-87 
1-63 


100-00 


38-47 

60-85 

63-22 

2-63 


Analyses  8  to  6  were  made  by  Mr.  John  Saint  Day,  C.E.,  who 
in  a  paper  read  at  the  Glasgow  meeting  of  the  British  Association 
in  the  year  1876,  entered  very  fuUy  into  the  iron  and  steel  indus- 
tries of  Scotland.  Other  analyses  from  Mr.  Day's  paper,  may  be 
summarized  as  follows,  showing  the  amount  of  metallic  iron  con- 
tained in  various  black  band  ironstones,  and  other  results  : — 


Black  Baxd  Ironstones. 


1.                  2, 

3. 

Slatay  Band. 

Ti«ld  of  metallic  iron 
Yield  of  calcined  ore .     . 
Metallic  iron  in  ore 
Silica  in  ore       .        .     . 

36-36 

63-60 

57-16 

0-41 

32-68 

62-26 

52-50 

7  06 

36-80 

60-48 

60-85 

1-98 

31-54 
59-64 

52-88 
11-94 

31-51 

52-85 

59-61 

3-60 

Taking  the  average  yield  of  metallic  iron,  the  black  band  iron- 
stones of  Scotland  do  not  exceed  35  per  cent.  These  ores,  when 
calcined,  yield  from  50  to  70  per  cent,  of  metallic  iron,  the 
Average  may  be  taken  as  60  per  cent. ;  those  of  other  districts 

\*ary  considerably.     The  next  most  important  measures  of  black 
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band  in  Great  Britain  are  those  obtained  in  the  North  Stafford- 
shire coal-field ;  reduced  in  the  furnace  without  admixture  with 
other  ores.  liike  the  Scotch  black  bands,  they  make  a  very  good 
quality  of  iron,  are  extensively  raised  and  calcined,  and  in  this 
state  sent  into  the  South  Staffordshire  districts,  for  the  most  part 
wanting  in  black  band  ores. 

The  argillaceous  or  clay  band  ironstones,  like  the  black  bands,, 
vary  considerably.  Numerous  analyses  are  available  showing  the 
composition  of  these  ores,  the  series,  however,  made  by  Mr.  Day,, 
in  his  paper  previously  referred  to,  are  so  complete,  that  they 
have  been  selected  for  illustration :  * — 

Tabulated  Eestjlts  of  Scotch  Clay  Baxd  Ikoxstoxes. 


ConstltaentB. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Protoxide  of  iron 

47-81 

39*60 

34-98 

37-23 

32-20 

24*90 

37-54 

Protoxide  of  manganeoe       .    . 

trace 

1-52 

0-82 

1*96 

1-64 

1-22 

SiSO 

Lime 

0-97 

1-79 

1-66 

6-17 

6-74 

16-55 

6*50 

Magnesia              .... 
Cutionicacid    .... 

091 

8-96 

2-08 

417 

4-08 

7-54 

0-43 

30-22 

30-31 

25-46 

82-21 

29*60 

35*61 

28-94 

Phosphoric  add    .       . 
Salphur 

0-4» 

0-64 

0-60 

0*45 

0-60 

1-76 

1-92 

trace 

0-08 

Oil 

0-28 

0*51 

0*31 

0*27 

Iron  combined  with  sulphur    . 

•  ■ 

0-07 

0*10 

0-25 

0-45 

0-27 

0-24 

Almnina 

710 

7-93 

11-66 

5-12 

6*56 

3-27 

6-23 

Silica 

1012 

11-80 

17-80 

10-44 

14*60 

6*80 

11-20 

Bituminous  matter   . 

2-32 

1-55 

417 

1-75 

2*84 

0*73 

2-08 

Water 

Total 
Metallic  iron        .... 

0-50 

0-75 

0-66 

0-97 

1*19 

0-52 

1-10 

10000 

100-00 

100*00 

100-00 

100*00 

100*00 

100-00 

36-80 

30-87 

27*30 

29-21 

25*49 

19-68 

29*41 

Yield  of  calcined  ore 

72  16 

70*39 

72*28 

67*80 

68*58 

6477 

70*94 

Metallic  iron  in  ore             .     . 

51-00 

43-84 

37*77 

43*05 

37*19 

30*38 

41*50 

Silica  in  ore      .... 

1403 

16*77 

24*62 

15*40 

21  "80 

10*50 

15*77 

The  average  yield  of  metallic  iron  from  the  argillaceous  ore& 
of  Scotland  may  be  regarded  as  about  80  per  cent.,  and  vrhen 
calcined  about  70  per  cent.,  compared  with  the  black  bands 
which,  as  already  stated,  give  an  average  of  35  per  cent,  of 
metallic  iron  in  the  raw  state  and  60  per  cent,  when  calcined. 

The  hematite  obtained  at  Auchencaim,  in  Kirkcudbright- 
shire, is  very  similar  in  character  to  the  kidney  ore  of  White- 
haven, in  Cumberland,  and  like  another  variety  known  as 
'*  small  kidney  ore,"  obtained  in  the  same  locality,  yields  a  high 
percentage  of  metallic  iron.  Analyses  of  the  two  varieties  by 
Mr.  Bobert  Mushct,  are  as  follows  : — 
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Constituents. 

Large 
Kidney  Ore. 

Small 
Kidney  Ore. 

Peroxide  of  iron 

SOica 

Alumina 

88.00 

11-53 

0-47 

98-43 

1-57 

trace 

Total         .        .    . 

100-00 

100-00 

The  small  kidney  ore  may  be  regarded  as  a  pure  peroxide 
of  iron,  yielding  68*91  per  cent,  of  metallic  iron ;  the  large  kidney 
ore  giving  61*60  per  cent. 

In  one  locality  at  Auchencaim  the  hematite  exhibits  two 
varieties  of  ore,  known  as  ''Black  Metal  Kidney  Ore"  and 
"Red  Ore,"  the  former  a  compact  oxide  of  iron,  yielding 
65*63  per  cent,  of  metallic  iron,  the  red  ore  ranging  from  44 
to  68  per  cent.,  and  a  mixture  of  the  two  varieties  giving 
51*79  per  cent,  of  metallic  iron.  The  annexed  analyses  show 
the  composition  of  both  varieties  : — 


Gonstituents. 

Blank  Metal. 

Black  Metal  and 
Bod  Ore. 

Peroxide  of  iron 

Silica 

Aliunina 

Moisture 

^^igneaia 

Total                 .     . 

79-46 

1407 

1-36 

5-11 

.  •  • 

73-98 

17-45 

1-04 

4-31 

3-22 

10000 

100-00 

A  detailed  analysis  of  the  variety  known  as  "  Red  Ore  "  of 
Auchencaim  gives  the  following  tabulated  results : — 

Analysis  op  "  Bed  Gee." 

Peroxide  of  iron 63-00 

Oxide  of  manganese 0-72 

Lime 1*74 

Magnesia 1*33 

(Wbonic  acid 2-42 

Phosphoric  acid trace 

Alumina 4-09 

Silica 23-20 

Water 3-50 

Total 100-00 

3  ▲  2 
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The  equivalent  of  metallic  iron  in  the  above  peroxide  amounts 
to  44'10  per  cent. 

The  hematite  occurring  at  Sandlodge,  in  Shetland,  contains 
upwards  of  70  per  cent,  of  metallic  iron  and  a  small  percentage 
of  copper.  Another  Tariety,  known  as  "  Gossan,"  rich  in  iron, 
containing  60  per  cent.,  in  addition  to  8  per  cent,  of  copper; 
this  last  variety  is  extensively  used  for  purifying  gas. 

Trodnetion  of  Ironstone  in  Scotland. — The  earliest  informa- 
tion on  this  subject  begins  with  the  year  1855,  when  the  Keeper 
of  Mining  Becords  for  the  first  time  ascertained  that  the  produc- 
tion of  all  kinds  of  ironstone,  clay  band,  black  band  and  hematite 
raised  in  Scotland  amounted  to  2,400,000  tons,  the  production 
of  Great  Britain  in  the  same  year  amounting  to  9,958,741  tons ; 
it  thus  appears  that  in  the  year  referred  to,  Scotland  produced 
nearly  25  per  cent,  of  all  the  ironstone  and  ore  raised  in  the 
kingdom.  Since  the  year  1855  the  ironstone  production  of  Scot- 
land appears  as  follows,  so  far  as  returns  have  been  received  : — 


Year. 

Tons. 

Year. 

Tons. 

1855 

2,400,000 

1868 

1,250,000 

1856 

2,201,250 

1869 

1,950,000 

1857 

2,500,000 

1870 

1,980,000 

1858 

2,312,000 

1871 

1,975,000 

1859 

2,225,000 

1872 

1,978,000 

1860 

2,150,000 

1873 

1,986,000 

1861 

1,975,000 

1874 

2,119,771 

1862 

1,500,000 

1875 

2,452,235 

1863 

1,500,000 

1876 

2,552,553 

1864 

1,950,000 

1877 

2,621,852 

1865 

1,470,000 

1878 

2,443,923 

1866 

1,587,000 

1879 

2,458,407 

1867 

1,264,800 

• 

1880 

2,659,317 

The  reports  of  H.M.  Inspectors  acting  under  "  The  Coal 
Mines  Regulation  Act,"  show  that  in  the  year  1874  the  produc- 
tion of  ironstone  in  Scotland  was  2,119,771  tons,  compared 
with  2,659,817  tons  in  the  year  1880 ;  of  this  quantity  1,485,647 
tons  were  black  band,  and  1,223,670  tons  clay  band.  The 
annexed  statement  gives  the  production  of  each  shire  in  the 
eastern  district  of  Scotland  in  the  same  years  as  follows ;  the 
western  district  giving  1,418,698  tons  and  1,887,274  tons  re- 
spectively : — 
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Counties. 

1874. 

1S80. 

Eastern  Scotland — 

Tons. 

Tons. 

Clackmanuan,  Perth,  Kin- ) 
I08S  and  Sutherland.        ) 

7,890 

. .  • 

Edinburgh                      .     . 

39,661 

101,619 

Fife 

59,272 

652 

Haddington    .                 .     . 

8,601 

458 

Lanark,  part  of  . 

342,224 

510,342 

Linlithgow     .        .        .     . 

238,605 

148.423 

Stirling,  part  of  . 

Total                 .     . 

4,820 

10,549 

701,073 

772,043 

Western  Scotland 

Total  of  Scotland  . 

1,418,698 

1,887,274 

2,119,771 

2,659,317 

In  the  year  1874  the  total  production  of  all  kinds  of  iron 
ore  in  the  United  Kingdom  amounted  to  14,844,986  tons,  the 
estimated  value  at  the  place  of  production  being  £7,818,146; 
ten  years  previously,  in  the  year  1864,  the  iron  ore  raised  in 
the  United  Kingdom  amounted  to  10,064,890  tons,  of  the  value 
of  £3,367,144,  Tvhile  in  the  year  1880  the  production  reached 
18,026,049  tons,  of  the  value  of  £6,585,806. 

Since  the  year  1875  the  Inspectors'  annual  reports  give  the 
aggregate  production  in  each  of  the  iron  ore  producing  districts 
of  Scotland.  The  annexed  table  shows  the  yield  of  each  district 
in  Scotland,  since  the  year  1875,  of  all  varieties  of  ironstone  and 
hematite : — 


Counties. 

187f». 

187G. 

1877. 

1878. 

1879. 

1880. 

Tons. 

Tons. 

Ton.s. 

Tons. 

Tons. 

Tons. 

A}T8hire 

853,868 

860,648 

856,129 

930,121 

947,636 

1,008,253 

DumbartonshiiT  . 

231,885 

249,037 

284,875 

257,515 

287,810 

290,560 

Edinburghshire  . 

49,469 

61,262 

75,779 

67,565 

92,891 

101,619 

Fifeshire         .     . 

36,833 

14,274 

13,113 

19,463 

9,827 

652 

Haddingtonshire . 
Kinrosshire   and  ) 
Perthflhire     .     J 

9,899 
14,264 

6,224 
41,100 

4,340 
31,274 

2,101 
21,559 

550 

•  • 

458 

•  • 

Lanarkshire 

747,406 

779,263 

803,382 

635,272 

681,231 

767,291 

fienfrewBhire  .    . 

170,106 

185,678 

180,596 

173,529 

174,118 

223,831 

Stirlingshire 

143,165 

162,781 

172,573 

169,104 

108,766 

128,230 

Linlithgowshire  . 

188,772 

186,460 

194,322 

170,126 

155,086 

148,423 

Sundries,  hematite 

8,568 

5,226 

5,469 

7,568 

492 

6,166 

Total       . 

2,454,235 

2,552,553 

2,621,852 

2,443,923 

2,458,407 

2,664,483 

In  the  three  years  ending  1880  the  separate  varieties  of  ore 
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raised  from  the  coal  and  ironstone  measures  and  the  hematite 
deposits  of  Scotland  are  separately  distinguished,  and  are  as 
follows : — 


Year. 

Clay  Band. 

Black  Band. 

Hematite. 

1878 
1879 
1880 

Tons. 
1,123,772 
1,135,247 
1,223,670 

Tons. 
1,312,583 
1,322,668 
1,435,647 

Tons. 
7,668 
492 
5,166 

Population  employed  in  Ironstone  Mines. — But  little  infor- 
mation exists  on  this  subject  before  the  year  1873 ;  in  that  and 
succeeding  years  the  reports  of  H.M.  Inspectors  of  Mines  give 
the  following  as  the  nimibers  employed  under  ground  and  above 
ground  in  the  eastern  and  western  Inspection  districts  of 
Scotland : — 


Year. 

EASTERN  DISTRICT. 

WESTERN  DISTRICT. 

Total 

Persons 

EuiX)loyed. 

Ironstone 
Returned. 

Above. 

Below. 

Above. 

Below. 

1873 
1874 
1876 
1876 
1877 
1878 
1879 
1880 

N08. 

640 
827 
788 
871 
826 
702 
648 
652 

N08. 

3,311 
4,066 
3,885 
3,776 
3,826 
3,123 
2,928 
2,924 

Nos. 

1,673 
1,757 
1,641 
1,734 
1,631 
1,530 
1,371 
1,582 

Nos. 
8,029 
7,898 
7,313 
7,364 
7.002 
7,179 
6,704 
7,133 

Nos. 
13,653 
14,548 
13,627 
13,745 
13,285 
12,634 
11,651 
12,291 

Tons. 
1,986.000 

2,119,771 
2,452,236 
2,552,653 
2,621,852 
2,443,923 
2,458,407 
2,659,317 

I 


These  returns  show  a  high  state  of  efBciency,  the  average  work 
of  the  miner  increasing  from  145  tons  in  1878  to  185  tons  in 
1876,  and  215  tons  in  1880^  showing  an  increase  of  48  per  cent, 
in  the  above  period. 

Fig  Iron  Mann&etnre. — The  earliest  information  bearing  on 
iron  smelting  in  Scotland  dates  about  the  year  1750,  in  which 
year  the  first  furnace  was  erected  at  Bunawe,  in  Argyleshire,  by  a 
Mr.  Ford.  In  this  furnace  the  blast  was  impelled  by  water  power 
obtained  from  the  river  Awe,  the  ore  employed  being  hematite 
brought  from  Ulverston,  in  Lancashire,  while  for  fuel  charcoal 
alone  was  used,  with  the  aid  of  cold  blast.  The  iron  thus  manu- 
factured enjoyed  then,  as  now,  a  high  reputation,  and  for  purposes 
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of  conversion  into  crucible  steel  is  quite  as  reliable  as  the  best 
Swedish  or  Bussian  brands. 

The  Bunawe  furnace,  now  known  as  the  Lome,  is  still  occa- 
sionally in  operation,  the  proprietors  being  Messrs.  Harrison, 
Ainslie  &  Co.,  who  continue  to  make  charcoal  pig  iron,  accord- 
ing to  the  supply  of  charcoal  obtainable.  Previous  to  the  yeai* 
1788  there  appears  to  have  been  a  similar  furnace  erected  at 
Goatfield,  also  in  Argyleshire,  and  it  is  recorded  that  the  yield  of 
the  Bunawe  and  Goatfield  furnaces  in  1788  amounted  to  1,400 
tons,  or  700  tons  each  furnace.  The  charcoal  iron  manufacture 
in  Scotland  followed  precisely  the  same  conditions  as  those  pre- 
vailing in  other  parts  of  the  kingdom ;  with  the  exhaustion  of 
the  woods,  the  use  of  coal  was  gradually  introduced. 

The  Carron  Ironworks,  situated  on  the  bank  of  the  Carron 
river,  about  two  miles  from  Falkirk,  were  projected  and  the  first 
furnace  put  in  blast  in  the  year  1760.  The  site  of  Carron  was 
selected  on  account  of  the  abundant  water  supply,  and  the  im- 
mense deposits  of  coal,  ironstone  and  limestone  in  the  immediate 
neighbourhood  of  the  village.  The  name  of  Dr.  John  Boebuck 
is  intimately  associated  with  the  Carron  Works ;  he  was  the  prin- 
cipal proprietor  of  the  works,  and  a  man  of  considerable  scientific 
attainments,  devoting  his  energy  most  thoroughly  towards  the 
<levelopment  of  the  iron  industries  of  Scotland.  The  Carron 
Works  were  erected  by  the  eminent  engineer  John  Smeaton ;  it 
was  at  these  works  that  the  powerful  blowing  machinery  invented 
by  the  same  engineer  was  first  introduced;  the  blowing  machiner}* 
referred  to  consisted  of  4  cylinders,  4  feet  6  inches  in  diameter, 
•exactly  fitted  with  pistons,  and  so  contrived  that  the  strokes 
of  the  pistons  being  made  alternately  produced  an  almost  unin- 
terrupted blast.  The  pumps  were  worked  alternately  by  means 
of  a  powerful  water  wheel,  which  had  4  cranks  upon  the  axis, 
each  of  which  moved  the  piston  of  a  cylinder,  through  its  stroke 
of  4  feet  6  inches. 

The  great  advantages  secured  by  Smeaton's  invention  enabled 
the  ironmaster  to  consume  the  hard  dense  coke  in  the  furnace 
which  the  ordinary  bellows  previously  in  use  was  unable  to  effect; 
an  increased  yield  of  the  furnace  was  the  result :  previously  it 
had  been  from  10  to  12  tons  per  week,  now  it  rose  to  40  tons  in 
the  same  period,  and  on  the  average  1,600  tons  of  pig  iron  were 
made  per  annum.    It  was  in  the  immediate  neighbourhood  of 
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Carron  that  James  Watt,  in  association  with  Dr.  Boebuck,  erected 
his  first  steam  engine,  the  patent  for  which  was  secured  in  the 
3'ear  1769.  In  that  year  too  the  first  carronade,  the  invention 
of  General  Melville,  was  cast  at  Carron  Foundry,  from  which 
indeed  the  new  form  of  cannon  derived  its  name ;  and  the  mann- 
facture  of  carronades  was  long  the  speciality  of  these  ironworks, 
and  it  was  in  a  great  measure  owing  to  the  great  extent  of  thi» 
branch  of  industry  during  the  wars  that  the  proprietors  of  the 
works  made  their  large  profits. 

Succeeding  the  Carron  Works  the  next  important  seat  of  iron 
manufacture  sprang  up  in  Scotland,  at  Wilsonstown  or  Cleugh, 
in  the  upper  ward  of  Lanarkshire,  and  near  the  boundary  of 
Midlothian.  It  was  here,  about  the  year  1774,  that  the  broliiers 
Wilson — merchants  engaged  in  the  Swedish  iron  trade — com- 
menced to  develop  the  coal  deposits  of  the  district,  and  soon 
afterwards  established  a  foundry.  This  was  succeeded  about  the 
years  1780 — 1781  by  the  Messrs.  Wilson  erecting  a  blast  fur- 
nace, put  in  operation  in  1781,  subsequently  the  works  were 
greatly  extended,  and  in  the  year  1787  a  second  furnace  wa& 
blown  in. 

In  Mr.  William  Aiton's  "  General  View  of  the  Agriculture  of 
the  County  of  Ayr,'*  *  some  interesting  facts  are  gleaned  bearing 
on  the  iron  industries  of  Scotland,  from  which  it  appears  that 
the  manufacture  of  iron  was  carried  on  for  some  time,  by  Lord 
Cathcart  and  others  at  Muirkirk  in  the  early  part  of  the  previous 
centuT}'.  It  was  made  from  the  ore  dug  there,  and  sent  to 
Bunawe,  in  the  county  of  Argyle,  to  be  reduced  into  pig  iron, 
which  was  afterwards  brought  to  the  works  at  Muirkirk,  near 
Glasgow,  where  it  was  made  into  bar  iron,  in  the  last  operation 
charred  peat  being  used.  These  operations  were  found,  however, 
to  be  too  expensive,  and  the  work  was  abandoned. 

It  is  further  stated  by  Alton  that  in  the  year  1787  some  gentle- 
men in  Glasgow  entered  into  a  co-partnery  and  erected  some  very 
extensive  ironworks  in  that  parish,  which  were  still  carried  on  in 
Alton's  time  by  another  company.  The  works  at  that  time  con- 
sisted of  three  blast  furnaces  for  making  pig  iron,  with  a  foundry 
and  other  accessory  works,  the  number  of  hands  employed  in  the 
above  works  at  that  time  being  from  800  to  400;    while  the 

♦  Published  in  the  year  1811. 
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mineral-field  of  the  Muirkirk  Company,  at  tlie  time  referred 
to,  exceeded  2,000  acres  of  coal  and  ironstone. 

In  the  year  1788,  the  Wilsonstown  or  Cleugh  furnaces,  two  in 
number,  produced  1,600  tons  of  coke  pig  iron,  and  the  four  fur- 
naces at  the  Carron  Works,  4,000  tons,  amounting  to  5,600  tons 
of  coke  pig  iron  in  Scotland  in  1788.  The  total  production  of 
charcoal  pig  iron  in  Great  Britain  the  same  year  was  14,500  tons, 
and  of  coke  pig  iron,  53,800  tons,  or  a  total  make  of  pig  iron  of 
68,800  tons.*  Scotland  at  this  time  produced  10  per  cent,  of 
the  above  quantity,  the  average  yield  of  her  blast  furnaces  being 
875  tons,  compared  with  796  tons,  the  yield  of  the  furnaces  of 
England  and  Wales. 

The  Muirkirk  Works  and  those  at  Omoa,  in  Lanarkshire, 
commenced  operations  in  the  year  1788;  the  last  named  was 
dismantled  a  few  years  since.  The  former  still  exists.  The 
Clyde  Ironworks,  near  Glasgow,  projected  about  the  same  year 
by  Messrs.  Edington  and  Co.,  commenced  operations  a  few 
years  later. 

These  latter  works  have  been  rendered  famous  by  being  asso- 
ciated with  two  names  celebrated  in  the  history  of  the  metallurgi- 
cal industries  of  Great  Britain.  The  one,  Mr.  David  Mushet, 
the  other,  Mr.  James  Beaumont  Neilson.  The  first  named 
entered  these  works  as  accountant  in  the  year  1792,  when  he  was 
nineteen  years  of  age  and  remained  till  the  year  1800.  In  the 
following  year,  while  engaged  in  the  projection  of  the  Calder 
Ironworks  in  association  with  Mr.  William  Dixon,  senior,  of 
Govan,  Mushet  made  the  discovery  of  the  black  band  ironstone, 
which  in  subsequent  years  exercised  such  an  important  influence 
in  the  prosperity  of  Scotland  in  her  iron  and  other  industries. 

The  last  return  quoted  was  for  the  year  1788 ;  not  again  imtil 
the  year  1796,  when  Dr.  McNab's  return,  prepared  for  a  Committee 
of  the  House  of  Commons,  appears,  does  any  reliable  information 
throw  light  on  the  progress  of  this  industry.  The  following 
details  from  Dr.  McNab's  return  show  the  respective  works  in 
operation  in  Scotland,  with  the  number  of  furnaces  and  the  make 
of  pig  iron :  side  by  side  is  given  the  average  yield  per  furnace. 
Of  the  16,086  tons  of  pig  iron  it  will  be  observed  that  900  tons 
was  charcoal  pig,  the  yield  of  the  Bunawe  and  Goatfield  furnaces. 

♦  For  details  of  this  return,  see  Appendix  II.,  p.  830. 
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Name  of  Works. 


Oarron 

Wilsonstown  or  Cleugh 

Muirkirk . 

Clyde  .... 

Omoa 

Devon  .... 

Goatfield  (charcoal) 

Bunawe         ,, 

Total     . 


No.  of 

Make  of 

Average 

Fomaces. 

Pig  Iron. 

per  Furnace. 

Tons. 

Tons. 

4 

5,616 

1,404 

2 

2,080 

1,040 

2 

2,878 

1,489 

3 

2,216 

738 

2 

1,198 

599 

2 

1,198 

599 

1 

300 

300 

1 

600 

600 

17 

16,086 

In  the  same  year  the  total  number  of  fornaees  in  operation  in 
Great  Britain,*  was  124,  producing  125,079  tons  of  pig  iron, 
showing  an  average  yield  per  furnace  of  upwards  of  1,000  tons. 

Towards  the  close  of  the  past  century,  about  the  year  1782, 
the  Devon  Ironworks,  in  Clackmannanshire,  were  erected,  singular 
alike  in  situation  and  construction.  Sir  John  Sinclair,  who 
describes  them,  says  :  t  "  They  merit  the  attention  of  the  curious 
in  mechanics  and  architecture.  A  steep  bank  rises  more  than 
i)0  feet  £rom  the  level  of  the  river,  and  is  composed  of  a  rock,  or 
very  thick  stratum  of  limestone,  very  dry  and  uniform  in  its 
texture,  and  almost  £ree  from  cracks  and  fissures.  Instead  of  the 
usual  method  of  building  with  stone  and  lime,  the  several  parts 
of  the  works  have  been  formed  in  this  bank  by  excavations  made 
in  the  rock.  Two  furnaces,  which  are  each  40  feet  high  and 
14  feet  in  diameter,  and  also  the  spacious  arches  which  give 
access  to  the  workmen  at  the  bottom  of  the  furnace,  to  draw  off 
the  liquid  metal  and  slag,  are  cut  out  of  the  rock.  The  roof 
which  covers  the  casting  house,  a  room  70  feet  long,  50  feet  wide, 
and  28  feet  high,  is  supported  by  the  sides  of  the  quarry,  and  the 
solid  pillars  of  the  rock  that  were  left  for  the  purpose  in  making 
the  excavation.  In  like  manner  is  formed  the  engine  house  and 
its  apparatus,  which  is  intended  to  supply  the  two  furnaces  with 
wind,  by  throwing  at  each  vibration  of  the  engine  a  sufficient 
quantity  of  air  out  of  a  large  cylinder  into  a  long  gallery  or  close 
mine  formed  in  the  rock.  This  magazine  of  wind  will  contain 
10,000  cubic  feet  of  air,  much  condensed  by  the  power  of  the 
ongine,  as  the  gallery  is  very  closely  shut  up  and  made  air-tight, 

♦  For  details  Bee  Appendix  II.,  p.  831. 
+  "  Statistical  Account  of  Scotland,"  1792. 
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having  only  two  apertures,  one  to  receive  the  supply  of  air 
from  the  air-pump  and  the  other  to  admit  a  pipe  that  conducts 
the  condensed  air  to  blow  the  two  furnaces."  These  works 
continued  in  operation  for  many  years,  but  were  stopped  about 
the  year  1856,  and  soon  after  dismantled. 

Eesuming  inquiries  with  the  present  century  it  appears,  as 
previously  stated,  that  the  Calder  Ironworks  commenced  opera- 
tions in  the  year  1801.  These  works  take  a  prominent  position 
in  the  history  of  the  iron  trades  of  Scotland,  &om  the  circumstance 
that  it  was  here  that  the  black  band  ironstone  discovered  by 
Mushet  was  first  used  as  an  ore  of  iron.  The  Shotts  Ironworks 
were  projected  in  the  year  1802,  under  the  able  management  of 
Mr.  John  Baird,  of  the  Canal  Basin  Foundry,  Glasgow,  who 
continued  to  be  the  managing  partner  of  the  concern  for  upwards 
of  40  years.  At  these  works  in  recent  yesLrs  Bessemer  pig  iron 
has  been  produced  &om  hematite  ore  and  with  the  use  of  raw 
coal. 

Continuing  the  returns  of  production,  the  year  1806  comes 
next  in  order,  when  the  following  works  and  furnaces  produced 
iron  in  the  quantities  given,  to  which  is  added  the  average  yield 
per  furnace : — 


County. 

Name  of  Works. 

FURNACKS. 

Pig  Iron 
Made. 

Arernge 

per 
Furnace. 

Built. 

In  Blast 

Noa. 

N08. 

Tons. 

Tons. 

Stirlingshire 

Canon 

5 

5 

7,380 

1.476 

Lanarkshire    .    . 

Calder     .        .     . 

2 

1 

1,077 

1,077 

i>         • 

Clyde  . 

3 

2 

2,687 

1,343 

>>            •     • 

Qlenbuck        .     . 

1 

1 

790 

790 

99                  * 

Omoa  . 

3 

2 

1,852 

926 

99                        *         ' 

Shotts     .        .     . 

1 

1 

2,034 

2,034 

l»                 •                • 

Wilsonstown 

2 

1 

1,381 

1,381 

Fifeshire         .    . 

Markinch        .     . 

2 

0 

•  •  ■ 

•  • . 

Ayrahire 
Olackmannan .     . 

Muirkirk 

3 

2 

3,043 

1,521 

Devon     .        .    . 

2 

2 

2,596 

1,298 

Argyle 

Goatfield 

2 

0 

•  ■  • 

•  •• 

9>               •               •        • 

Bunawe  .        .    . 
Total 

1 

0 

•  •  • 

•  •  • 

27 

17 

22,840 

Comparing  the  above  returns  with  those  of  the  year  1796,  it 
will  be  seen  that  considerable  advance  had  been  made  in  the 
yield  of  pig  iron,  to  the  extent  of  upwards  of  40  per  cent.     The 
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average  make  per  furnace  being  1,270  tons,  compared  with  946 
tons  in  the  year  1796,  equal  to  an  increase  of  12  per  cent. 

The  make  of  pig  iron  in  Great  Britain  in  1806,  when  of  the 
216  furnaces  built  161  were  in  blast,  was  243,851  tons. 

During  the  first  quarter  of  the  present  century  there  is  but 
little  to  record,  either  in  the  way  of  greatly  increased  produc- 
tion of  pig  iron  in  Scotland  or  in  the  extension  of  the  then 
existing  ironworks ;  not  until  the  year  1825  does  it  appear  any 
new  works  were  established. 

The  Monkland  Iron  Company  led  the  way,  about  this  period 
putting  their  first  furnace  in  blast,  adding  a  second  to  their  works 
about  the  year  1828  or  1829.  The  works  at  Gartsherrie  followed 
about  the  year  1830,  when  the  first  furnace  was  blown  in  ;  these 
works,  situated  at  Coatbridge,  near  Glasgow,  and  projected  by 
the  Messrs.  Baii*d  and  Company,  are  the  most  extensive  at 
the  present  time  in  Lanarkshire,  possessing  16  blast  furnaces ; 
the  only  other  iron  company  in  Scotland  possessing  greater 
resources  of  production  is  that  of  the  Eglinton  Company  in 
Ayrshire,  with  21  furnaces. 

As  previously  stated  the  production  of  pig  iron  in  Scotland 
in  the  year  1806  was  22,840  tons ;  advancing  to  the  year  1823, 
it  appears  the  production  did  not  exceed  24,500  tons,  the  yield 
of  22  furnaces,  of  which  the  following  is  an  accoimt,  showing 
the  works,  furnaces  blowing,  firms  engaged  in  manufacture,  and 
yield  of  individual  works  : — 


County. 

Name  of  Works. 

Name  of  Finn. 

1 

No.  of     j    Pig  Iron 
Fumaceti.  '      Made. 

Stirling 
Lanark     .     . 

i> 

>i     • 
Ayr . 

Clackmannai 

\ 

Carron  . 
Calder      .     . 
Clyde    . 
Omoa 
Shotts  . 
Muirkirk . 
Devon  . 

Carron  Iron  Co. 
WiUiam  Dixon  .     . 
Dunlop  &  Co.  . 
Dalrymple  &  Co.     . 
Shotts  Iron  Co. 
Muirkirk  Iron  Co.  , 
Devon  Iron  Co. 

5 
3 
3 
2 
1 
3 
3 

Tons. 
7,000 
4,000 
2,500 
2,500 
2,000 
3,500 
3,000 

Total      . 

• 

20 

24,500 

We  now  advance  to  the  period  when  the  successful  experiments 
of  Mr.  James  Beaumont  Neilson  resulted  in  the  application  of 
the  hot  blast,  inaugurating  a  new  era  in  the  history  of  the  iron 
trade  and  leading  to  greatly  increased  production.    Neilson^  to 
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whom  we  are  indebted  for  this  important  invention,  was  educated 
as  an  engineer,  and  in  the  year  1817,  at  the  age  of  25  years,  was 
appointed  foreman  to  the  Glasgow  Gas  Light  Company;  the  great 
experience  acquired  by  him  in  this  capacity  led  to  his  being 
consulted  by  ironmasters,  which  gave  him  opportunities  of  gaining 
a  great  insight  into  the  operations  connected  with  blast  furnace 
management.  At  an  early  period  he  was  consulted  by  Mr.  Dixon 
of  the  Wilsonstown  Works  and  by  the  Muirkirk  Iron  Company, 
but  it  was  at  the  Clyde  Ironworks  that  his  experiments  were 
successfully  carried  out,  the  then  proprietor  being  Mr.  Colin 
Dunlop ;  eventually  Neilson  secured  his  invention  by  patent  in 
the  year  1828,  which  is  entitled  "  Improved  application  of  Air  to 
produce  Heat  in  Fires,  Forges,  and  Furnaces."  The  discovery  of 
the  superior  power  of  a  hot  over  a  cold  blast  in  fusing  refractor^' 
lumps  of  cast-iron  was  accidentally  observed  by  Neilson  while  in 
the  service,  as  previously  stated,  of  the  Glasgow  Gas  Light  Com- 
pany. No  particular  description  of  apparatus  was  given  by  the 
inventor  by  which  the  air  was  to  be  heated  and  conveyed  to  the 
furnace,  but  it  was  merely  stated  that  the  air  may  be  heated  in 
a  chamber  or  closed  vessel,  having  a  fire  under  it,  or  in  a  vessel 
connected  in  any  convenient  manner  with  the  forge  or  furnace. 
Dr.  Percy,*  referring  to  this  important  invention,  says :  "  The 
advantages,  however,  of  the  hot  blast  with  respect  to  the  economy 
of  fuel  were  so  soon  recognised  by  the  Scotch  ironmasters,  that 
in  the  year  1835  it  was  in  operation  at  every  ironworks  in  Scot- 
land except  one,  and  there  it  was  in  process  of  introduction." 

Another  important  invention,  perfected  about  the  year  1880, 
by  Mr.  Condie,  manager  of  the  Wilsonstown  Ironworks,  was  the 
Water-Tuyere,  now  so  generally  employed,  and  which  owes  its 
•great  utility  to  the  spirally  disposed  malleable  iron  tube  contained 
within  a  mass  of  cast-iron.  It  was  at  the  same  works  in  the  yeai* 
1808,  that  the  Water-Tuyere  was  brought  into  use  to  supersede 
the  dry-tuyere,  but  it  was  not  till  the  year  1880,  as  already  stated, 
that  Mr.  Condie  devised  and  perfected  the  present  arrangement. 
It  was  also  at  the  Wilsonstown  works  that  the  possibility  of  using 
raw  coal  in  the  blast  furnace  was  first  solved,  dating  an  eventful 
period  in  the  history  of  pig  iron  manufacture. 

The  next  return  of  pig  iron  production  is  for  the  year  1880, 
when  Scotland  had  24  furnaces  in  operation  out  of  27  then  built, 

•  "  MetaUurgy,"  Iron  and  Steel,  p.  395. 
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the  yield  of  pig  iron  amounting  to  37,500  tons.  The  details  of 
which  will  be  seen  in  the  following  abstract,  giving  also  the 
average  make  per  furnace  : — 


County. 

Name  of  Worka. 

No.  of 
Funuices. 

Pig  Iron 
Made. 

Aven^per 
Furnace. 

Stirling    . 
Tjanark 

»» 

>» 

ft 

>» 
Ayr . 

dackmannan  . 

Carroll 
Calder     . 
Clyde  . 

Monkland       .     . 
Shotts . 
Wilsonstown* 
Muirkirk 
Devon     .        .     . 

5 
4 
4 
2 
1 
2 
3 
3 

Tons. 
7,000 
9,000 
8,000 
2,000 
2,000 
2,000 
4,000 
3,500 

Tons. 
1,400 
2,250 
2,000 
1,000 
2,000 
1,000 
1,333 
1,166 

Total 

> 

24 

37,500 

Comparing  the  production  of  Scotland  in  the  year  1830  with 
that  of  the  year  1828,  it  will  be  seen  that  the  increase  is  53  per 
cent.;  the  average  peld  of  the  furnaces  increasing  &om  1,225 
tons  in  the  year  1823  to  1,480  tons  in  the  year  1830. 

It  may  be  interesting,  while  considering  the  state  of  the  iron 
industries  of  Scotland  in  the  years  1823  and  1830,  to  note  the 
production  of  the  iron  works  in  the  other  districts  of  England 
and  Wales ;  to  enable  comparison  to  be   made,  the  returns  of 
Great  Britain  are  appended  in  the  annexed  abstract : — 


1823. 

1830. 

I,A>UI111C9* 

Furnaces. 

Pig  Iron  Made. 

Furnaces. 

Pig  Iron  Made. 

Nos. 

Tons. 

Nos. 

Tons. 

Darham  and  Northum- ) 
berland  .        .         .     ) 

2 

2,379 

4 

5,327 

Yorkshire 

26 

27,311 

27 

28,926 

Derbyshire        .        .     . 

15 

14,038 

18 

17,999 

Shropshire 

38 

67,923 

48 

73,418 

Staffordshire      .        .     . 

84 

133,690 

123 

211,604 

South  Wales  . 

72 

182,325 

113 

277,643 

North  Wales              .     . 

7 

13,100 

12 

25,000 

Scotland 

Total.        .    . 

22 

24,500 

27 

37,500 

266 

455,166 

372 

677,417 

The  above  totals  show  an  increase  in  the  production  of  the 
furnaces  in  the  seven  years  between  1828  and  1880  of  48  per  cent. 

*  These  works  ceased  operations  in  the  year  1842. 
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The  hot  blast  is  so  important,  contributing  as  it  did  to  the 
ironmaster's  powers  of  increasing  the  blast  furnace  yield,  that  a 
few  facts  connected  with  its  early  history  will  possess  some  inte- 
rest to  the  general  reader. 

Previous  to  the  introduction  of  Neilson's  invention,  coke  was- 
largely  employed  in  the  blast  furnace,  now  the  hot  blast  enabled 
the  ironmaster  to  employ  raw  coal ;  the  saving  thereby  effected 
amounted  to  no  less  than  6  tons  to  each  ton  of  pig  iron  made,- 
and  these  advantages,  taken  in  connection  with  Mushet's  dis- 
covery of  the  black  band  ironstone,  a  furnace  working  hot  blast 
and  making  60  tons  of  iron  per  week,  had  its  production  raised 
to  from  80  and  90  tons ;  and  it  is  recorded  that  at  the  Calder 
and  Wilsonstown  Ironworks  Neilson's  invention  was  early  put 
to  the  test,  and  such  material  aid  was  rendered  by  Mr.  William 
Dixon,  and  his  manager,  Mr.  Condie,  in  working  and  developing 
the  merits  of  the  invention,  that  the  proprietors  of  the  patent 
rights  granted  the  use  of  the  patent  for  several  of  the  Calder 
furnaces  without  exacting  the  usual  royalty  charges. 

From  this  period  forward  each  year  witnessed  an  increase  to* 
the  resources  of  existing  works,  and  the  accession  of  many  new 
ones ;  thus  in  the  year  1888  the  works  at  Dundyvan  were  pro- 
jected by  Mr.  John  Wilson,  followed  in  the  year  1886  by  the 
Coltness  Company,  and  the  Summerlee  Works  in  the  year  1837 
by  Messrs.  Wilsons  and  Co.,  the  Cambroe  Works,  in  Lanark- 
shire, by  Messrs.  Allison  and  Co.  in  the  year  1888,  and  the 
Langloan  Works,  also  in  Lanarkshire,  near  Coatbridge,  by  the 
Messrs.  Addie  and  Co.,  in  the  year  1841.  The  other  works  pro- 
jected about  this  period  were  those  of  Castle  Hill,  near  Wishaw, 
by  the  Shotts  ton  Company,  and  Govan,  near  Glasgow,  by  Mr. 
William  Dixon,  Glengarnock,  in  Ayrshire,  near  Kilbimie,  now 
owned  by  William  Dixon,  Limited.  These  works  were  originally 
intended  to  consist  of  eight  blast  furnaces,  but  up  to  the  present 
time  five  only  have  been  erected ;  of  these,  two  have  been  raised 
considerably  in  height,  and  provision  made  for  taking  off  the  gas. 
This  establishment  also  possesses  extensive  malleable  iron  works, 
capable  of  producing  400  tons  per  week  of  plates,  bars,  and  rods. 
Advancing  to  the  year  1848,  a  period  of  great  depression  in  the 
iron  industries  of  Great  Britain,  we  find  tiie  following  statement, 
showing  the  weekly  make  of  the  ironworks  of  Scotland,  together 
with  the  number  of  furnaces  built  and  in  blast  in  that  year : — 
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FURNACES. 

County. 

Name  of  Works. 

Njjmo  of  finn. 

Weekly 
Make. 

Built 

In  Blast. 

J^*lwW^/* 

Nos. 

Noa. 

Ton8. 

Stirling      . 

Canon . 

Carron  Iron  Co. 

5 

3 

200 

Lanark 

Calder      .     . 

William  Dixon  .     . 

8 

6 

600 

Clyde    . 

C.  Dunlop  &  Co. 
Coltness  iron  Co.     . 

6 

3 

250 

yf        *       * 

Coltness   .     . 

4 

3 

240 

Dundyvan    . 

John  Wilson       .     . 

9 

7 

750 

%  %        *       ■ 

Castle  Hill    . 

Shotts  Iron  Co. 

2  . 

0 

•  •  ■ 

Cambroe .     . 

Allison  &  Co.      .     . 

6 

4 

500 

t  f        •       • 

Gartsherrie  . 

William  Haird  &  Co. 

16 

11 

1,200 

Govan      .    . 

Messrs.  Dixon 

0 

5 

500 

9  t               •              • 

Lanffloan 
Monkland     . 

Addie  &  Co.        .     . 

3 

3 

400 

Monkland  Iron  Co. 

5 

5 

500 

mm                 •               • 

Snmmerlee  . 

Wilsons  &  Co. 

6 

3 

270 

Shotts      .     . 

Shotts  Iron  Co.  .     . 

4 

2 

160 

19             *           * 

Wilsonstown 

2 

0 

•  •  • 

Omoa       .     . 

E.  Stewart .        .     . 

2 

1 

80 

Ayi'       .     . 

Qlengamock. 
Mnirkirk 

Allison  &  Co.  . 

3 

3 

300 

19           *                  * 

Muirkirk  Iron  Co.  . 

4 

2 

180 

9  9                    •          V 

Blair         .     . 

Blair  Iron  Co.     .     . 

3 

0 

•  •  • 

II*                  • 

CeRsnock 

Cessnock  Iron  Co.   . 

2 

0 

•  •  • 

II                    •          • 

Henschell     . 

Henschell  Iron  Co.  . 

2 

0 

•  «  • 

9  9            *                   * 

Gkmscube .     . 

Galloway  &  Co. 

2 

0 

Clackman- ) 
nan    .     ) 

Devon  . 

Devon  Iron  Co.  .    . 
Total  . 

4 

1 

•  •  • 

90 

103 

62 

6,220 

In  computing  the  annual  production  of  pig  iron  in  Scotland 
from  the  above  weekly  make,  and  taking  50  w^eeks  for  the  year, 
we  have  an  annual  yield  of  811,000  tons.  Comparing  this  quantity 
with  the  make  in  the  year  1889,  when  of  the  60  furnaces  then 
erected  in  Scotland,  54  were  in  blast,  yielding  196,566  tons  of 
pig  iron,  the  returns  exhibit  an  increase  between  the  years  1839 
and  1848  of  no  less  than  114,440  tons,  equal  to  nearly  60  per 
-cent. 

As  previously  stated,  the  iron  industries  of  the  kingdom  were 
passing  through  a  period  of  great  depression,  which  continued 
from  about  the  year  1840  until  the  year  1844,  when  the  extension 
of  the  railway  system  gave  rise  to  a  gi-eat  demand  for  all  kinds  of 
iron,  and  brought  about  more  prosperous  times  for  the  iron  trade. 
About  the  period  referred  to  the  quotations  for  iron  were  very  low 
and  to  the  ironmaster  comparatively  unremunerative.  It  was 
about  this  period  that  the  patent  of  Neilson  of  the  hot  blast 
expired,  and  this  circumstance  led  to  the  foundation  of  many  new 
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and  extensive  ironworks  in  Scotland,  and  to  the  extension  of 
existing  works.  Among  these  may  be  mentioned  those  of  Messrs. 
Meny  and  Cunninghame,  of  Ardeer  and  Glengamock,  the  works 
at  Eglinton,  Lugar,  and  Portland,  of  the  Eglinton  Iron  Com- 
pany, and  the  works  of  the  Dalmellington  Company,  all  in 
A3rrshire.  In  Lanarkshire,  the  works  of  Mr.  William  Dixon,  at 
Govan,  and  of  the  Shotts  Iron  Company,  at  Castlehill,  were  ex- 
tended ;  while  in  Linlithgow,  the  works  at  Kinneil  were  founded 
by  Mr.  J.  Wilson. 

In  the  year  1843  the  production  of  pig  iron  in  Great  Britain 
amounted  to  1,215,850  tons ;  in  1848  it  rose  to  1,998,668  tons, 
the  yield  of  the  Scotch  furnaces  during  the  same  period  increasing 
from  811,000  tons  in  the  year  1848,  to  584,000  tons,  an  estimated 
return  in  the  year  1848.  The  following  is  a  list  of  the  works  and 
furnaces  built  and  in  operation  in  Scotland  in  the  year  1848, 
together  with  the  production  of  pig  iron : — 


County. 

"^AtnA  /\f  \ffftr^^ 

FUBNACES. 

Pig  Iron  Made. 

x^UlUO  OI   ttOTJLS. 

Built. 

In  Blfwt. 

Nos. 

Xofl. 

Tons. 

Stirling    . 

Carron    . 

4 

3 

18,000 

Lanark        .     . 

Calder 

•        • 

8 

3 

18,000 

M                   •                 • 

Carnbroe 

9 

6 

3 

18,000 

>»                          •         • 

Clyde . 
Coltness  , 

7 

5 

30,000 

»» 

k 

6 

4 

24,000 

>>                          •         • 

Costieiuil    . 

3 

2 

12,000 

•»                   •                 • 

Dundvvan 
Gkrtsnerrie 

1 

9 

8 

48,000 

»f                           •         • 

1 

16 

16 

96,000 

>»                   • 

GK>yan 

6 

4 

24,000 

1 

>»                          •         • 

Lanffloan    . 
Monkland 

• 

6 

5 

30,000 

»»                   •                 • 

9 

9 

64,000 

»»                          •         • 

Omoa 

f 

4 

4 

24,000 

»l                   •                 • 

Shotts     . 

4 

3 

18,000 

»»                           •         • 

Summerlee 

• 

6 

5 

30,000 

Ayr . 

Blair       . 

5 

0 

■  •• 

»>        •        •     • 

Garscube    . 

• 

2 

0 

•  •  • 

>>    •        •        • 
»f        •        •     • 

Glenc;amock  . 
Muirlirk    . 

• 

7 

4 

6 
0 

36,000 

• .  • 

»i    •        •        • 

Eglinton 

3 

0 

« .  * 

»»        •        •     • 

Lugar 

■ 

4 

0 

.  •  • 

Clackmannan  . 

Devon     . 

1 

1 

6,000 

Fife. 

Forth 

% 

6 

4 

24,000 

Linlithgow  .     . 

yjnniel   . 

1              • 

4 

4 

24,000 

Total 

1 

130 

89 

534,000 

3  B 
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From  the  above  retam  it  appears  that  the  production  of  Scot- 
land is  set  down  at  584,000  tons ;  in  another  return  for  the  same 
year,  the  yield  is  stated  to  have  been  589,962  tons.*  The  sub- 
joined table  shows  the  production  in  Great  Britain  in  the  same 
year : — 


FURKACX8. 

1 

Pig  lion  Made. 

A/muiuui. 

In. 

Out. 

Total. 

Northumberland    . 
Yorkshire.        .        .     . 
Derbyshire     . 
Shropshire         .        .     . 
Staffordshire,  North 
Staffordshire,  South  .     . 
Wales,  North 
Wales,  South     . 
Scotland 

Nos. 

24 
23 
20 

28 
16 
77 
5 
151 
89 

Nos. 

12 
5 

10 
6 
3 

62 
6 

45 

41 

Nos. 
36 
28 
30 
34 
19 

139 
11 

196 

130 

Tons. 

99,840 

66,560 

95,160 

88,400 

65,520 

320,320 

16,120 

706,680 

539,968 

Total     . 

■ 

1     433 

190 

623 

!       1,998,568 

r 

From  the  year  1848,  to  which  the  above  return  refers,  great 
activity  set  in,  not  only  in  Scotland  but  in  many  iron  districts  of 
England  and  Wales.  In  Fifeshire  works  were  founded  at  Loch- 
gelly  and  Lumphinnans,  the  last-named  by  Messrs.  A.  Christie 
and  Co.,  and  in  Linlithgowshire,  the  Bridgeness  and  Almond 
Works,  by  Mr.  Henry  Cadell  and  Messrs.  Bussell  and  Sons. 

The  other  works  in  Lanarkshire  erected  in  recent  years  are 
those  at  Calder  Bank  and  Chapel  Hill,  near  Airdrie,  the  propert}'^ 
of  the  Monkland  Iron  and  Coal  Company,  Limited,  consisting 
of  nine  blast  furnaces ;  the  Quarter  Works,  near  Hamilton,  with 
five  furnaces,  belonging  to  Messrs.  Colin  Dunlop  and  Co. ;  and 
the  Wishaw  Works  of  the  Glasgow  Iron  Company,  with  three 
furnaces. 

Following  the  production  of  pig  iron  in  Scotland  since  the  year 
1850,  the  most  complete  information  is  available,  showing  the 
number  of  furnaces  built  and  in  blast,  together  with  the  produc- 
tion of  pig  iron  ;  side  by  side  is  given,  for  comparison,  the  pro- 
duction of  the  North  Biding  of  Yorkshire,  or  Cleveland  district, 
and  that  of  Lancashire  in  each  of  the  same  years : — 


"  Report  on  the  State  of  the  Population  in  the  Mining  DiBtricts,"  1848,  p.  27. 
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Year. 

Scotland. 

Cleveland. 

liAVCASHIRK. 

KUBNACBS. 

l*ig  Iron. 

Pig  Iron. 

Pig  Iron. 

] 

Built 

In  Blast 

* 

1 

Noa. 

New. 

Tons. 

Tons. 

Tonu. 

1850 

«  «  • 

105 

595,000 

•  •  • 

•  •  • 

1852 

•  •  • 

113 

775,000 

•  •  • 

•  ■  • 

1854 

156 

118 

770,000 

•  •  • 

•  •  • 

1856 

141 

127 

832,000 

179,400 

•  •  • 

1858 

177 

132 

945,000 

189,320 

2,840 

1860 

175 

131 

1,000,000 

248,665 

81,250 

1862 

171 

125 

1,080,000 

283,398 

138,563 

1863 

169 

134 

1,160,000 

315,197 

164,110 

1864 

170 

131 

1,160,000 

409,106 

195,460 

1865 

180 

141 

1,163,478 

486,421 

204,925 

1866 

165 

99 

994,000 

546,091 

268,680 

1867 

167 

112 

1,031,000 

640,892 

318,801 

1868 

147 

103 

1,068,000 

699,494 

325,367 

1869 

165 

132 

1,150,000 

766,410 

436,662 

1870 

156 

123 

1,206,000 

916,970 

422,728 

1871 

155 

127 

1,169,000 

1,029,885 

520,359 

1872 

154 

130 

1,090,000 

1,122,114 

524,041 

1873 

156 

126 

993,000 

1,156,431 

529,271 

1874 

157 

121 

806,000 

1,158,471 

488,672 

1875 

159 

116 

1,050.000 

1,240,243 

558,780 

1876 

157 

116 

1,103,000 

1.261,013 

552,984 

1877 

152 

109 

982,000 

1,374,582 

624,189 

1878 

152 

94 

902,000 

1,358,442 

616,256 

1879 

157 

96i 

932,000 

1,210,091 

631,343 

1880 

149 

112 

1,049,000 

1,666,156 

738,023 

In  the  year  1854,  of  the  770,000  tons  of  pig  iron  produced  in 
Scotland,  Ayrshire  contributed  249,600  tons ;  the  Lanarkshire 
furnaces,  468,000  tons,  and  the  remaining  districts,  52,400  tons. 
In  later  years,  the  iron-making  districts  contributed  in  the  follow- 
ing proportion : — 


Districts. 

MAKE  OF  PIO  IRON. 

1874. 

1876. 

1878. 

1879. 

1880. 

Laiic:is1uro    .... 
Ayrshire  .        •        .        .     . 
Fifcshire       .... 
Linlithjrnwshii'e        .        .     . 
Stirliiigi«hire 

Total     .        .    . 

Tons. 

501,000 

210,000 

14,000  j 

3.5,000 

16,000  ) 

Ti)n». 
080,076 
360,924 

62,000 

604,280 
256,377 

•  • 

}  41,343 

Tons. 
625,634 
276,552 

•  • 

}  29,814 

Tous. 

670,085 

345,729 

•  • 

I    33,186 

806,000 

1,103,000 

902,000 

932,000      1,049,000 

The  average  annual  yield  of  the  Scotch  blast  furnaces  in  the 
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year  1850,  was  5,700  tons,  increased  in  the  year  1860  to  7,630 
tons,  9,800  tons  in  the  year  1870,  and  9,866  tons  in  1880. 

The  annexed  is  a  complete  list  of  the  works,  owners,  furnaces 
built  and  in  blast  in  Scotland  in  the  year  1880 : — 


No. 


1 

2 
3 
4 
6 
6 
7 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 


1 
2 


1 
2 
3 


1 

1 


Name  of  Works. 


Ayrshire — 
Ardeer,  Steven ston 
Glengarnock,  Kilbimie 
Eglinton,  Glasgow 
Lugar,  „ 

Mulrkirk,  „ 
Portland,  ,, 
Dahnelliiigtcn,  Glasgoiiv- 


LanarJcfihire — 
Colder    .... 
Goyan,  Glasgow         .    . 
Cambroe.  Coatbridge     . 
Castlehill 

Shotts  .  .  .  . 
Clyde  .... 
Quarter,  Hamilton  .  . 
CoUnesa 

Gartaherrie,  Coatbridge  . 
Langloan,  „ 

Calder  Bank,  Airdrie 
Chapelhill,        „       .    . 
Summerlee    . 
Wiahaw     .  .    . 


Fifeahire — 
liOchgelly .        .        .    . 
Lumphinuana,  Lochgell  j 


LinVith^otcsh  ire — 
Kinniel,  Boness         .    . 
Bridgeness,  ,, 
Almond,  Caueewayend  . 


Stirlingthirc — 
Corron,  Falkirk 

ArgyUshire — 
Loni 


Owners. 


Merry  and  Cunninghame,  Lim. 


»» 


»» 


Eglinton  Iron  Co. 


>f 


»» 


»» 


Dalmcllington  Iron  Co. 
Total  of  AyTshire    . 

William  Dixon,  Limited 


»» 


i» 


Merry  and  Cimninghamo,  lim. 
Shotts  Iron  Co.    . 

M  ... 

James  Dunlop  &  Co.   . 

Colin  Dunlop  &  Co. 

Coltness  Iron  Co. 

William  Baird  &  Co. 

Robert  Addic  &  Sons  . 

Monkland  Iron  and  Coal  Co.,  Lim 

»»  >»  »» 

Summerlee  Iron  Co. 

Glasgow  Iron  Co. 

Total  of  Lanarkshire 


Loohgellylron  and  Coal  Co.,  Lim. 
A.  Christie  &  Co. 

Total  of  Fifeshirc  .        .    . 


George  Wilson  &  Co.  . 
Henry  Cadell . 
James  Russell  k  Sons  . 


Total  of  Linlithgowshire 


Carron  Iron  Co.   . 


Harrison,  Ainslie,  &  Co., 

Total  of  Fifeshirc,  Linlith- 
gowshire, Stirlingshire, 
and  Argyleshire     . 

Total  of  Scotland     . 


rURKACKS. 


Built 


Nos. 
5 
9 
7 
5 
3 
6 
8 


43 


6 
5 
6 
3 
6 
5 
5 
12 
14 
7 
6 
3 
8 
3 


88 


4 
2 


6 


2 
2 
3 


18 


In  Blast 


Noa. 
3 
6 

5^ 

4 

3 

4 

7 


32^ 


4 
5 
3 
3 
5 
5 
5 
10 
12 

4 

5 
3 
6 
3 


76 


0 
0 


1 
0 
1 


149 


112^ 
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Distrilmtion  of  Scotch  Pig  Iron  and  Prices. — The  ironworks 
of  Scotland  are  most  favourably  situated  for  the  distribution  of 
the  products  of  her  iron  furnaces,  possessing  at  easy  distances 
two  coasts,  with  numerous  shipping  ports  and  ample  railway  and 
canal  communication ;  they  are  also  close  to  the  rivers  Clyde  and 
Forth,  both  navigable  for  the  greater  part  of  their  course.  The 
exports  of  pig  iron  in  1830,  when  the  total  production  of  Scotland 
did  not  exceed  37,500  tons,  vaiied  from  8,000  to  9,000  tons.  In 
1845,  out  of  a  production  of  500,000  tons,  the  exports  were  only 
56,761  tons,  about  one-tenth  and  less  in  proportion  than  in  the 
year  1830.  Between  the  years  1840  and  1845,  a  great  impetus 
was  given  to  the  iron  trade  by  the  extension  of  the  railway  system 
of  the  United  Kingdom,  the  home  consumption  absorbing  the 
additional  production.  The  increased  number  of  works  and  more 
active  competition  existing  at  this  period,  coupled  with  a  now 
more  restricted  home  market,  led  to  a  fii*st  fall  in  prices,  which 
set  in  about  the  year  1841,  and  continued  till  the  year  1858.  In 
the  following  table  appears  the  average  prices  of  pig  iron  in  Scot- 
land from  1830  to  1862 ;  the  prices  since  that  date  are  given  on 
page  747 : — 


Year. 


Average  Price. 


X,     «. 

d. 

1830 

5  0 

0 

1831 

4  10 

0 

1832 

4  10 

0 

1833 

4  0 

0 

1834 

4  5 

0 

183o 

4  10 

0 

183G 

6  \o 

0 

1837 

4  10 

0 

1838 

4  0 

0 

1839 

4  10 

0 

1840 

3  \b 

0 

1841 

3  0 

0 

1842 

2  10 

0 

1843 

2  10 

0 

1844 

2  14 

9 

Year. 

Average  Price. 

£ 

«. 

d. 

1  1848 

2 

4 

0 

1   1849 

2 

6 

1 

18o0 

2 

4 

1851 

2 

0 

3 

'  18o2 

2 

o 

4 

1853 

3 

I 

6 

1854 
1855 

3 

19 

9 

3 

10 

9 

,;  1856 

3 

12 

6 

'!  1857 

3 

9 

2 

'   1858 

2 

14 

5 

1859 

2 

11 

11 

„  1860 

2 

13 

9 

1861 

2 

9 

3 

1862 

2 

13 

0 

Previously,  in  the  year  1810,  the  average  price  of  Scotch  pig 
iron  per  ton  was  £9  Ss» ;  in  1815  it  receded  to  £7  15ff.  per  ton, 
and  in  1820  to  £7,  rising  again  in  1825  to  £11  per  ton. 

Since  the  year  1845  the  distribution  of  Scotch  pig  iron  to 
foreign  coimtries  and  coastwise  to  other  ports  in  the  United 
Kingdom  has  gone  on  increasing.    In  the  following  table  appear 
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the  quantities  under  each  of  the  above  heads,  also  the  stocks  of 
pig  iron  in  warehouses  at  the  end  of  each  year : — 


Year. 

EXPORTED. 

Trtfnl 

^4n/>lra 

Foreign. 

Coastwise. 

lOUU. 

OVOCKB. 

Tons. 

Tons. 

Tons. 

Tons. 

1845 

56,671 

•  •  • 

1 

•  •  • 

240,000 

1846 

119,107 

192,893 

312,000 

144,000 

1847 

143,460 

227,005 

370,465      ; 

89,000 

1848 

162,114 

227,870 

389,984 

90,000 

1849 

153,200 

221,943 

375,143 

196,000 

1850 

134,710 

189,490 

324,200 

200,000 

1851 

192,610 

260,090 

452,700 

300,000 

1852 

224,370 

210,530 

434,900 

360,000 

1853 

318,020 

316,980 

635,000 

450,000 

1854 

283,903 

301,097 

585,000      1 

216,000 

1855 

243,108 

295,000 

538,108 

132,000 

1856 

258,589 

245,000 

503,589 

130,000 

1857 

294,232 

233,768 

528,000      1 

90,000 

1858 

274,000 

280,000 

554,000 

196,000 

1859 

254,245 

312,755 

567,000 

350,000 

1860 

255,628 

321,372 

577,000 

390,000 

In  the  year  1845 — 46  a  new  era  opened  out  for  the  products  of 
the  Scotch  blast  furnaces,  the  markets  of  France,  Germany  and 
the  United  States  contributing  to  the  greatly  increased  exports 
apparent  in  those  years.  In  1848,  in  Scotland  as  elsewhere, 
industrial  and  commercial  affairs  were  more  or  less  affected  by 
the  disturbed  state  of  affairs  prevailing  in  Europe. 

Following  the  course  of  events  at  this  period  a  more  encourag- 
ing state  of  trade  appears  in  the  years  1852 — 53,  when  prices 
ruled  higher,  the  demand  at  liome  and  abroad  increasing.  This 
condition  was  however  of  short  duration,  inasmuch  as  the  crisis 
then  taking  place  in  America  and  the  condition  of  affairs  in 
Europe  materially  checked  the  prosperity  which  had  set  in  about 
this  time  in  the  iron  and  other  industries  of  the  country. 

It  would  give  an  inadequate  idea  of  the  conditioir  of  the  Scotch 
iron  trade  at  this  eventful  period,  did  we  omit  the  statistics 
bearing  on  the  local  consumption  of  pig  iron  in  Scotland;  we 
therefore  give  the  following  table,  distinguishing  the  quantity  of 
pig  iron  employed  in  the  foundry,  from  that  used  in  the  malleable 
ironworks  for  conversion  into  the  various  forms  of  iron  applicable 
to  the  consti'uction  of  iron  vessels,  bridges,  and  machinerj',  be- 
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tween  the  years  1846  and  1860,  increasing  from  280,000  tons  in 
the  first  to  856,000  tons  in  the  last-named  year : — 


Tear. 

FonndrieB. 

Malleable  Iron 
Works. 

Total  Home 
Consumption. 

Tons. 

Tons. 

Tons. 

1846 

200,000 

80,000 

280,000 

1849 

•  •  • 

•  •  • 

221,000 

1850 

•  •  • 

•  ■  • 

225,000 

1851 

•  •  • 

•  ■  • 

250,000 

1852 

•  •  • 

•  a  « 

250,000 

1853 

125,000 

180,000 

305,000 

1854 

116,000 

170,000 

286,000 

1855 

125,000 

175,000 

300,000 

1856 

133,000 

203,000 

336,000 

1857 

155,000 

160,000 

315,000 

1858 

146,000 

132,000 

278,000 

1859 

190,000 

150,000 

340,000 

1860 

200,000 

155,000 

355,000 

With  regard  to  the  distribution  of  Scotch  pig  iron,  it  will  be 
sufficient  to  give  the  quantities,  under  the  several  heads,  for  the 
following  years ;  these,  although  indicating  a  marked  increase, 
also  exhibit  considerable  fluctuation,  but  not  more  than  might  be 
expected  from  the  variable  conditions  to  which  the  iron  trade  has 
been  subject  during  the  years  given  : — 


Year. 

RaUto 
England. 

EXPORTED. 

HOVE  CONBtrMFriON. 

Foreign. 

Coastwiae. 

Fonndiies. 

Malleable 
Iron  Works. 

1868 
1869 
1870 
1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Tons. 
22,200 
21,911 
35,174 
64,027 
74,372 
81,089 
60,093 
73,491 
70,058 
59,937 
38,472 
23,482 
29,952 

Tons. 
324,018 
388,639 
388,842 
612,479 
616,933 
398,850 
296,803 
368,453 
303,762 
274,409 
233,908 
340,385 
440,200 

Tons. 
238,922 
240,450 
230,984 
303,494 
224,695 
214,061 
166,104 
174,056 
166,190 
170,664 
161,620 
200,133 
200,848 

Tons. 
208,000 
240,000 
298,000 
275,000 
270,000 
230,000 
193,000 
205,000 
195,000 
175,000 
153,600 
155,045 
189,000 

Tons. 
179,800 
207,000 
208,000 
190,000 
200,000 
143,000 
124,000 
155,000 
176,000 
160,000 
140,600 
146,955 
196,000 

Mallealile  Ironworks,  Mills  and  Forges. — ^Many  of  these 
works  are  some  of  the  most  extensive  in  the  kingdom,  possessing 
the  necessary  appliances  for  manufacturing  the  heaviest  descrip- 
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lion  of  ironwork;  consisting  of  crank  shafts,  propeller  shafts, 
stem  posts,  rudder  posts,  &c.,  and  possessing  in  addition  rolling 
mills  and  steam  hammers  for  manipulating  large  masses  of  malle- 
able iron,  besides  lathes  of  various  kinds  for  reducing  the  forgings 
to  a  more  or  less  finished  condition.  The  Lancefield  Works,  near 
Glasgow,  possess  great  resources.  It  was  at  this  forge  that  all  the 
great  fgrgings  for  the  Oreat  Eastern  were  made,  the  propeller 
shaft  of  which  was  47  feet  in  length  and  weighed  35  tons ;  the 
crank  shaft,  81  tons,  and  the  stern  frame,  25  tons.  These  works 
also  have  puddling,  scrap,  and  forge  furnaces,  rolling  mills,  and 
steam  hammers  of  various  sizes,  the  hammer-head  of  the  largest 
exceeding  7  tons  in  weight.  Another  extensive  establishment  at 
Parkhead  contains  the  necessary  appliances  for  the  heaviest 
forgings,  as  well  as  for  ship  and  boiler  plates  and  other  varieties 
of  finished  iron.  It  was  at  Parkhead  that  the  heavy  double  crank 
shaft  of  the  Monarch,  weighing  upwards  of  80  tons,  was  forged. 
These  works  possess  46  puddling  furnaces  and  8  rolling  mills, 
are  furnished  with  14  steam  hammers,  the  heads  varying  in 
weight,  the  heaviest  exceeding  7  tons.  The  puddling  furnaces 
each  make  on  an  average  6  charges  of  4  cwt.  each  per  day  of 
10  hours,  the  charges  producing  about  20  cwt.  of  puddled  bars. 
The  puddled  bars  are  shingled  with  2^-ton  hammers,  and  are 
rolled  down  in  a  pair  of  24-inch  grooved  and  collared  rolls, 
which  keep  the  bars  to  an  uniform  width.  These  rolls  are  de- 
scribed as  worked  by  a  pair  of  horizontal  engines,  with  cylinders 
80  inches  in  diameter  and  60  inches  stroke,  at  the  rate  of  40 
revolutions  per  minute,  and  worked  by  steam  with  45  lb.  pres- 
sure ;  the  crank  shaft  of  the  engine  makes  30  revolutions  per 
minute.  The  same  engines  drive  the  other  rolling  mills.  The 
mill  bars  are  used  for  piling  and  forging,  or  they  are  piled  and 
rolled  for  the  production  of  plates ;  the  best  qualities  of  plate 
are  piled  and  rolled  a  second  time,  and  then  reheated  and  finished, 
each  successive  reheating  consuming  from  10  to  18  cwt.  of  coal 
per  ton  of  iron,  the  loss  of  material  in  the  operation  being  about 
5  per  cent. 

The  works  of  the  Glasgow  Iron  Company,  at  St.  Rollox  and 
Motherwell  are  large  establishments,  with  an  aggregate  of  87 
puddling  furnaces  and  12  rolling  mills,  besides  reheating  furnaces, 
&c.  The  Saint  Rollox  Works  is  capable  of  producing  from  100 
to  200  tons  per  week,  of  hoops,  bars,  nails,  rods  and  small 


CHAP.  XXI.] 


IRON   INDUSTRIES  OF  SCOTLAND. 


745 


merchant  iron.  The  works  at  Motherwell  are  capable  of  pro- 
ducing from  500  to  600  tons  per  week,  of  hoops,  nails,  rods, 
iron  sheets,  plates,  rails,  &c.  These  works  were  amongst  the 
first  in  Scotland  in  which  the  regenerative  furnaces  of  Dr.  Siemens 
were  employed.  The  Glasgow  Ironworks,  belonging  to  the  same 
company,  were  established  about  the  year  1845,  and  are  capable 
of  producing  from  800  to  400  tons  of  finished  iron  per  week. 

The  annexed  table  gives  the  names  of  the  malleable  ironworks 
in  Scotland,  the  owners,  the  numbers  of  puddling  furnaces  and 
rolling  mills,  according  to  the  last  published  return  : — 

SCOTLAIO). 


No. 
1 

Name  of  Works.                    Noiue  of  Firm. 

Nearest  Port  or 
Railway  Station. 

No.  of 
Puddling 
PuTUAces. 

No.  of 

Rolling 

Mills. 

^'roUox"\''^^                                      •        •        • 

'  Glasgow . 

•  • 

•  a 

2 

Clifton      . 

.    .     John  Wylio  &  Co.          .        .    . 

,  Coatbridge.    . 

20 

2 

3 

Clydesdale     . 

Clydesdale  Iron  Co.  . 

„ 

•  • 

•  • 

4 

Coata 

Thomas  Jackson   .        .        .    . 

1*            * 

•  • 

•  • 

5 

Coatbridge     , 

Hugh  Martin  &  Sons 

William  Tudhope .        .        .    . 

II        •    • 

7 

2 

6 

Crown 

»i            • 

12 

2 

< 

DalzeU  . 

David  Colville   .        .        .        . 

1  Motherwell     . 

19 

2 

8 

Drumpellcr 

Henderson  and  Dimmock     .    . 

'  Cojitbridge      . 

18 

8 

0 

Globe     . 

A.  and  T.  Miller 

11        •    • 

6 

1 

10 

Glasgow    . 

Glasgow  Iron  Co 

1  Glasgow . 

37 

4 

11 

Motherwell 

11           <>           .        .       . 

'           »»        •    • 

50 

8 

12 

Milnwood . 

John  Alton  &  Co  .        .        .    . 

Holj'town 

(i 

2 

13 

Govan    . 

WUliam  Dixon  .        .        .        . 

Glasgow     .    . 

•  • 

•  ■ 

14 

Calder  Bonk 

.     Monkland  Iron  and  Coal  Co.     . 

II     •       • 

46 

6 

15 

Mossend 

Mossend  Iron  Co.         .        .    . 

Holytown  .    . 

■  • 

•  • 

16 

North  British 

Thomas  Ellis     .        .        .        . 

Coatbridge 
Parkhead   .    . 

30 

4 

17 

Parkhead. 

W.  and  J.  Beardmore   .        .    . 

9 

4 

18 

Phceuix     . 

John  Spencer     .       .        .        . 

!  Coatbridge      . 

19 

3 

19 

Rochsolloch 

Rochsolloch  Iron  Co,    .        .    . 

Glasgow     .    . 

11 

2 

20 

Muirkirk  . 

)<:glinton  Iron  Co.      .        .        . 

II     •        • 

9 

2 

21 

Excelsior 

.  i  John  Williams  &  Co.    . 

1 

Wishaw      .     . 

1         ... 

80 

4 

Total  of  Sco*Jftn«i 

329 

51 

J 

For  the  manufacture  of  steel  the  Atlas  Bessemer  Steel  Works  of 
the  Glasgow  Company  possess  two  converters,  each  of  a  capacity  of 
8  tons.  The  Steel  Company  of  Scotland  and  the  Moss  End  Iron 
Company,  Holytown,  being  manufacturers  of  steel  by  the  Open- 
hearth  Steel  Melting  process. 

An  important  addition  to  the  steel  industries  of  Scotland  is 
recently  announced  in  the  opening  of  the  Dalziel  Steel  Works, 
Motherwell.  These  extensive  works,  belonging  to  the  firm  of 
Mr.  David  Colville,  have  been  in  course  of  construction  during 
the  past  twelve  months,  and  commenced  the  manufacture  of  steel 
in  February  la&t.  The  works  comprise  82  Siemens'  gas  producers, 
with  large  wrought-iron  overhead  conducting  tubes  for  the  gas. 
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One  main  leads  to  the  melting  department  and  another  to  the 
re-heating  furnaces  of  the  mill  department.  The  melting  shop 
contains  four  12-ton  Siemens'  steel  melting  furnaces,  capable  of  pro- 
ducing 500  tons  o'f  steel  ingots  weekly,  and  one  accessory  combined 
sand  and  manganese  furnace.  The  ingots  are  handed  over  to 
the  mill  department  by  two  steam  cranes,  capable  of  lifting  6  and 
10  tons  respectively.  The  ingots  are  then  re-heated  in  two  large 
gas  furnaces  and  reduced  from  14  inches  thick  to  slabs  of  4  or 
5  inches  in  thickness  by  a  powerful  steam  hammer,  the  cj'linder  of 
which  is  33  inches  in  diameter,  with  an  8-foot  stroke.  The  anvil 
consists  of  a  huge  iron  casting  weighing  about  140  tons,  mounted 
by  a  smaller  one,  ^ith  a  steel  face,  in  all  weighing  over  150  tons. 
The  weight  of  the  tap,  piston  and  rod  is  12  tons,  and  with  a 
working  steam  pressure  of  80  lbs.  per  square  inch,  the  hammer 
is  capable  of  giving  a  blow  considerably  over  400  foot  tons. 

The  slabs  thus  consolidated  are  cut  into  sizes  suited  for  the 
plates  required,  are  again  re-heated  in  other  three  large  Siemens' 
gas  furnaces,  and  tlien  again  passed  through  the  plate  mill.  In 
a  central  position  of  the  mill  floor  are  placed  a  pair  of  powerful 
Ramsbottom  reversing  mill  engines,  the  cylinders  of  which  are 
40  inches  in  diameter,  stroke  4  feet  6  inches,  and  worked  with 
80  lbs.  of  steam.  The  engines  are  fitted  with  the  Allan  link 
motion,  and  are  placed  under  the  driver's  easy  control  by  means  of 
steam  and  cataract  reversing  cylinders.  On  the  right  hand  side 
of  the  driver  is  placed  the  plate  mill,  with  two  pairs  of  rolls, 
8  feet  long  by  28  inches  diameter,  the  one  pair  being  chilled,  the 
other  grain,  and  capable  of  rolling  plates  up  to  93  inches  in 
width  by  almost  any  length  and  thickness.  On  the  left  hand 
side  is  placed  a  27-inch  bar  mill,  consisting  of  three  pairs  of 
rolls,  and  capable  of  rolling  the  heaviest  sections  of  angle,  bars, 
&c.  Both  mills,  like  the  engines,  are  of  the  most  massive  pro- 
portions throughout,  the  forgings  and  gearing  being  almost 
wholly  of  Siemens'  steel.  The  machine  for  shearing  the  plates 
to  the  exact  dimensions  required  is  also  of  a  massive  description, 
the  steel  shearing  blades  are  10  feet  in  length,  with  a  stroke 
of  12  inches,  and  capable  of  shearing  steel  plates  1 J  inches  in 
thickness  by  7  feet  broad,  through  at  one  stroke.  The  machine 
has  also  combined  a  scrap  shears,  and  is  driven  by  a  combined 
steam  engine  of  16  inches  cylinder  by  20-inch  stroke,  working 
with  80  lbs.  steam.     There  are  four  boilers  for  supplying  steam 
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to  the  yaiious  machinery  of  combined  flue  and  multitubular 
type,  constructed  entirely  of  Siemens'  steel,  and  worked  at  a 
pressure  of  80  lbs.  The  mechanical  and  chemical  testing  houses 
adjoin  the  works.  The  testing  machine  is  capable  of  testing 
up  to  60  tons  on  the  piece,  the  whole  operation  being  entirely 
done  by  steam  power.  The  roofing  covers  an  area  of  over 
5,490  square  yards,  is  constructed  entirely  of  wrought  iron  and 
galvanised  corrugated  sheet  iron  covering,  and  is  supported  on 
cast-iron  columns ;  the  works  occupying  an  area  of  about  14  acrea 
of  ground. 

Production  of  Malleable  Iron  in  Scotland. —  The  steady 
progress  of  this  branch  of  industry  will  be  seen  in  the  annexed 
table,  giving  the  returns  for  15  years,  also  the  average  price  of 
bars  during  the  same  period;  side  by  side  appears,  in  each  of 
the  same  3'ears,  the  average,  highest  and  lowest  prices  of  Scotch 
pig  iron  in  the  Glasgow  market : — 


Year. 

MALLEABLE  IRON. 

SCOTCH   PIO  IRON. 

Quantities. 

Per  Ton. 

Average. 

Highest 

Lowest 

1864 
I860 
1866 
1867 
1868 
1869 
1870 
1871 
1872 
1873 
1874 
187j 
1876 
1877 
1878 
1879 
1880 

Tons. 
163,500 
173,890 
155,231 
143,800 
179,626 
206,960 
199,353 
200,131 
223,377 
189,312 
180,000 
196,000 
236,000 
218,000 
195,000 
222,000 
292,000 

£      «.      d. 
8  12     6 
7  15    0 
7  15    0  1 
7     0    0 

6  15     0 

7  0    0 

7  10    0 

8  0    0 

12  5    0 

13  10     0 
10  15     0 

8  15     0   ' 
7  15     0 
7     0    0 
6  10    0 
6    0    0 
6    0  10   1 

£     s.      d. 
2  17     4 

2  14    9 

3  0    6 
2  13     6 
2  12     9 
2  13    3 
2  14    4 

2  18  11 
5     1  10 
5  17     3 

4  7     6 

3  5    9 
2  18    6 
2  14    4 
2    8     5 
2  10    4 
2  14     6 

£     «.      d. 
3     4   10 

3     1     9 
3  18     2 
2  14  11 
2  13    8 

2  17    0 

3  0    0 
3  10    0 
6    9    3 
6  17     9 
5    6    3 
3  17    0 
3    4    8 
2  17    2 

2  11     0 

3  0    5 
3  13    3 

£     ».     d, 
2  10    3 
2    9    8 
2  12     6 
2  11  10 
2  12     1 
2  10    8 
2  11     2 

2  11     6 

3  14     7 
6     5     9 

4  1     6 
2  17     6 
2  16    3 
2  12     0 
2     3    3 
2    0    6 
2    4    5 

The  manufacture  of  malleable  iron  in  Scotland  is  of  com- 
paratively recent  date,  the  industry  having  been  commenced 
in  the  neighbourhood  of  Glasgow  about  the  year  1889  ;  in  1845 
the  total  production  of  the  works  amounted  to  but  85,000  tons^ 
increased  to  80,000  tons  in  the  year  1850,  and  in  the  year  1861 
to  122,500  tons;    the  average  price  of  bar  iron  at  this  period 
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ranging  as  high  as  £1  per  ton.  In  the  year  1872,  remarkable 
alike  for  the  high  prices  which  then  ruled  as  well  as  for  in- 
creased production,  the  make  amounted  to  228,377  tons,  but 
€ven  this  was  eclipsed  in  the  year  1876,  when  the  production 
increased  to  286,000  tons,  since  which  a  slight  falling  off  appears, 
until  the  year  1880,  when  the  returns  show  a  production  of 
292,000  tons,  the  largest  on  record. 

Coal  consumed  in  Malleable  Ironworks  in  Scotland. — The 
quantities  of  coal  used  in  these  works  in  Scotland  since  the 
year  1872  has  been  as  follows  : — 


Year. 


Coal  Used. 


1872 

1873 
1874 
1875 


Tons. 
415,000 
360,517 
345,226 
373,512 


Year. 


Coal  Used. 


1876 

1877 
1878 
1879 


Tons. 
439,720 
411,854 
370,985 
409,527 


And  in  the   j'^ear   1880   the    coal    consumed    iu    manufacture 
amounted  to  637,508  tons. 

Coal  and  Iron  Ore  used  in  Mann&cture. — ^It  is  recorded  in 
the  sun'ey  of  Ayrshire  that  towards  the  close  of  the  last 
century  on  the  estate  of  the  Muirkirk  Iron  Company,  9  tons 
of  coal  was  considered  sufficient  to  make  1  ton  of  the  best 
pig  iron.  Advancing  to  the  year  1840,  it  appears  on  the  authority 
of  Mr.  Porter,  F.R.S.,*  that  the  241,000  tons  of  pig  iron  made 
in  that  year  consumed  723,000  tons  of  coal  in  its  manufacture, 
or  3  tons  of  coal  to  each  ton  of  pig  iron  made.  Again,  in 
the  years  1854  and  1860,  economy  appears  in  the  consumption 
of  materials  employed,  as  shown  in  the  annexed  items  : — 


Materials. 

1854. 

1S(U). 

Calcined  ores    .... 

Large  coal 

Small  coal        .... 
Limestone 

Tons.  Cwts. 

1  12 

2  0 

0     16 

0       7 

Tone.  Cwts. 

1  14 

2  2 
0     10 
0      9 

Mr.  St.  John  V.  Day,  C.E.,t  writing  in  the  year  1876,  referring 
to  the  Almond  Ironworks,  near  Falkirk,  gives  some  interesting 
facts  showing  the  economy  attained  at  these  w^orks.     "The  fiir- 


"  Progress  of  the  Nation." 


t  "  Iron,"  Dec.  2, 1876,  p.  714. 
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nace  has  a  height  of  72  feet,  and  owing  to  the  character  of 
the  coal  at  Almond  a  portion  of  it  requires  to  be  coked  in 
order  to  get  the  furnaces  to  drive,  and  it  is  so  used  in  the 
liigh  as  well  as  the  low  furnaces.  The  quantity  of  coal  and 
coke  used  per  ton  of  pig  iron  varies  with  the  quantity  of  hai"d 
splint  coal  supplied  from  the  pits.  At  the  time  referred  to,  the 
fuel  used  was  half  coal  and  half  coke,  and  it  appears  that  over 
a  series  of  years,  using  the  same  burdens,  the  72-feet  furnaces 
had  secured  an  economy  to  the  extent  of  10  cwt.  of  fuel  to 
each  ton  of  pig  iron  made,  as  compared  with  a  furnace  at  the 
same  works  60  feet  in  height.  The  average  quantity  of  fuel, 
computed  into  coke,  put  in  the  72-feet  furnace,  (blast  heaters 
and  boilers  excepted),  being  22J  cwt  The  ironstone  (calcined) 
and  ore  being  37  cwt.  per  ton  of  pig." 

"  In  the  50-feet  furnace  the  consumption  of  coke  was  29  cwt., 
and  ironstone,  38^  cwt.  per  ton  of  pig.  The  temperature  of  the 
blast  at  the  Almond  works  is  about  BOO*'  Fahr. ;  the  average 
weekly  make  200  tons.  In  the  blast  heaters  the  quantity  of 
dross  used  is  4J  cwt.,  and  in  the  boilers  for  driving  the  blowing 
engines,  SJ  cwt.  per  ton  of  pig  iron.  The  pressure  of  blast  for 
the  50-feet  furnace  is  2*5  lbs.  per  square  inch,  and  for  the  72-feet 
furnace,  from  8  to  8*25  lbs.  per  square  inch." 

While  referring  to  the  Almond  Works  we  must  not  omit  to 
notice  the  system  of  coking  coal  carried  on  there.  "  The  novelty 
consists  in  forcing  either  heated  or  cold  air  into  the  space  above 
the  upper  surface  of  the  coal  being  coked,  thus  burning  the  gases 
inside  the  oven  as  they  are  evolved,  and  thereby  promoting  the 
coking  process.  In  working  these  ovens  they  are  charged  and 
ignited  in  the  ordinary  manner,  and  so  soon  as  the  heat  has 
evolved  sufficient  gas  and  ignited  it,  the  air  is  turned  on  and  con- 
tinued in  regulated  quantity  so  long  as  gas  is  given  off  by  the  coal, 
care  being  taken  that  the  mixture  of  air  and  gas  shall  always 
contain  an  excess  of  carbon,  so  as  to  prevent  the  ignition  of  that 
portion  of  the  solid  carbon  which  goes  to  form  coke.  In  practice 
it  is  found  that  the  quantity  of  air  is  always  largest  at  the 
beginning  of  the  charge  and  gradually  diminishes  to  the  close. 
So  soon  as  the  gas  is  all  evolved  the  coke  is  either  allowed  to  cool 
down,  or  is  watered  out  and  drawn." 

The  introduction  of  Ferrie's  Patent  has  also  greatly  contributed 
to  economy  in  the  use  of  fuel ;  the  process  consists  in  dividing 
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the  upper  part  of  a  blast  furnace  using  raw  coal  into  a  series 
(about  four)  of  vertical  retorts,  arranged  with  flues  all  round  them, 
through  which  a  portion  of  the  gases  pass  and  wherein  they  bum, 
the  heat  thereby  developed  being  utilized  in  coking  the  coal  and 
calcining  the  ironstone  and  limestone.  In  this  manner  it  has 
been  found  practicable,  not  only  to  utilise  all  the  waste  gases  from 
a  blast  furnace  using  raw  coal,  but  o\ving  to  the  frictional  support 
•which  the  materials  receive  in  their  descent  from  the  sides  of  the 
retorts,  Mr.  Ferrie  has  succeeded  in  carrying  a  column  of  materials 
or  burthen  of  about  88  feet  in  height.  The  results  of  Mr.  Ferrie's 
observations  on  iron  smelting  in  his  furnace  are  thus  referred  to. 
He  says,  "  The  quantity  of  coal  used  to  the  ton  of  iron  varies 
•with  the  ores  employed,  but  this  quantity  in  practice  is  from  85 
to  40  cwt.  to  tlie  ton  of  ii*on.  The  quantity  of  coal  increases  as 
the  quantity  of  black  band  in  the  charge  decreases,  and  vice  versa. 
When  the  quantity  used  to  the  ton  is  35  cwt.,  the  mixture  of  ores 
will  be  in  the  propoilion  of  §  black  band  and  ^  clay  band.  An 
open  furnace,  45  to  50  feet  high,  working  on  similar  materials, 
will  consume  from  52  to  56  cwt.  of  coal  to  the  ton  of  iron."  In 
addition  to  the  advantages  claimed  for  the  above  arrangements,  it 
is  stated  that,  ''  In  addition  to  the  saving  of  coal  noted  above, 
that  there  is  a  saving  of  fuel  in  i*aising  steam  and  heating 
the  blast." 

Before  considering  the  total  quantities  of  coal  and  ores  em- 
ployed in  the  furnaces  of  Scotland  during  the  past  ten  years,  the 
following  reliable  data  presents  some  important  details  of  the 
materials  employed  in  the  Gartsherrie  Ironworks  twenty  years 
ago,  when  of  the  16  furnaces  built  14  were  in  blast,  making 
07,156  tons  of  pig  iron,  and  consuming  materials  in  the  annexed 
quantities,  to  which  is  added  the  average  quantity  per  ton : — 


Materials  I'stsl. 


C\ilciued  ironstone 
t\>al     . 
Limostone 


Qi:4ntiti«&. 

Average  per  Ton.      { 

Tons. 

1(V2,TS4 
49,794 

T«.ns.  Cuts.  Qrs.  LIsk. 

1  13      1     15 

2  17      1       0 
0     10      1       0 

Total  materials        .     .         491,561  o      0     3    15  I 


In  the  Casilehill  Ironworks  of  the  Shotts  Iron  Companr  in 
the  same  year,  the  production  of  pig  iron  amounted  to  13,67S 
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tons,  in  the  manufacture  of  which  the  following  materials  were 
employed :— 


Materials  Used. 

Qoautities. 

Average. 

Coal  used          .... 
Calcined  clay  band      .        .     . 

,,        black  band 
Heematite  ore      . 
Limestone        .... 

Total  materials        .     . 

Tons. 
36,347 
19,489    ) 

6,941    J 

2,605 

8,918 

Tons.  CwU.  Qrs.  Lbs. 
2     13      0    20 

2      0      0      0 

0      4      0      0 
0     13      0      0 

74,300           5     10      0    20 

Another  return,  the  aggregate  of  four  ironworks  in  Lanarkshire, 
producing  also  in  the  year  1858,  some  201,174  tons  of  pig  iron, 
presents  the  following  details ;  the  works  referred  to  at  the  time 
possessed  29  furnaces,  of  which  25  were  in  blast,  consuming  the 
materials  given : — 


Materialfl  Used. 

Quantities. 

Avenge. 

Calcined  ironstone    . 

Coal 

Limestone        .... 

Total  materials        .     . 

Tons. 
351,452 
544,873 
83,915 

Tons.  C^vts.  Qrs.  Lbs. 

1  13      3    20 

2  14      0      0 
0      9      0      0 

980,240 

4     16      3    20 

It  therefore  appears  from  the  above  figures  that  in  the  year 
1858  the  proportions  of  materials  employed  were  regular,  the 
diflFerence  in  the  amount  of  calcined  ironstone  being  due  to  the 
variable  proportion  in  each  case  of  black  band  and  clay  band  ores. 
The  loss  by  calcination  of  black  band  may  be  generiilly  set  down 
at  50  per  cent.,  and  of  clay  band  ironstone  at  30  per  cent.  The 
average  yield  of  the  furnaces  per  annum  being  respectively, 
Gartslierrie,  6,966  tons ;  Castlehill,  6,836  tons ;  and  the  Lanark- 
shire group  of  furnaces,  8,047  tons. 

Mr.  Ralph  Moore,  in  his  interesting  paper  on  black  band  iron- 
stone, read  before  the  Royal  Scottish  Society  of  Arts  in  the  year 
1861,  gives  the  average  quantity  of  materials  used  to  make  a  ton 
of  pig  iron  as  follows : — Calcined  black  band,  34  cwt.,  coals, 
50  cwt.,  dross,  13  cwt.  and  limestone,  12  cwt.,  making  in  all  a 
total  of  109  cwt.  of  material  to  each  ton  of  pig  iron  made. 
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Advancing  to  the  year  1872,  when  information  was  obtained  by 
the  Committee  of  the  House  of  Commons  appointed  to  inquire 
into  the  causes  leading  to  the  extravagantly  high  price  of  coal 
ruling  at  that  period,  the  following  figures  are  available,  showing 
the  quantity  of  coal  used  in  the  manufacture  of  pig  iron,  to  which 
is  appended  tlie  total  quantity  of  iron  ore  employed : — 


Year. 

Pig  Iron  Made. 

Coal  Used. 

Iron  Ore  Used. 

Tons. 

Tons. 

Tons. 

1872 

1,090,000 

3,215,000 

2,325,000 

1873 

993,000 

2,730,000 

2,194,000 

1874 

806,000 

2,143,199 

2,035,000 

1875 

1,050,000 

2,950,000 

2,400,000 

1876 

1,103,000 

3,050,000 

2,575,000 

1877 

982,000 

2,672,638 

2,385,000 

1878 

902,000 

2.244,813 

2,490,000 

1879 

932,000 

2,256,189 

2,560,000 

1880 

1,049,000 

2,542,055 

2,628,610 

The  economy  in  the  consumption  of  fuel  has  gone  on  steadily 
in  the  Scotch  furnaces  since  the  year  1872,  when  the  average 
consumption  of  coal  to  each  ton  of  iron  made  was  55  cwt., 
decreasing  to  49i  cwt.  in  the  year  1878,  and  48J  cwt.  in  the 
years  1879  and  1880.  The  average  consumption  in  Great 
Britain  being  51  cwt.  in  1873,  decreasing  in  1877  to  46  cwt. ; 
in  1878  to  44J  cwt. ;  in  the  year  1879  to  44  cwt.,  and  in  1880  to 
43  J  cwt. 

The  annexed  table  furnishes  the  approximate  quantities  of  iron 
ore  used  in  the  blast  furnaces  of  Scotland  between  the  years  1872 
and  1880,  distinguishing  the  places  from  which  it  was  received : — 


Year. 

Scotland. 

Foreign. 

Liancashire. 

Cumberland. 

Ireland. 

Total; 

Tons.* 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

1872 

2,192,481 

50,024 

7,474 

75,021 

•  •  • 

2,325,000 

1873 

2,021,868 

60,358 

7,075 

104,699 

•  •  • 

2,194,000 

1874 

1,892,925 

54,175 

6,309 

81,591 

•  •  • 

2,035,000 

1875 

2,165,313 

83,986 

7,247 

141,954 

1,500 

2,400,000 

1876 

2,345,432 

73,367 

7,699 

146,723 

1,779 

2,575,000 

1877 

2,126,067 

125.985 

9,733 

121,013 

2,212 

2,385,000 

1878 

2,371,762 

61,168 

5,731 

49,859 

1,480 

2,490,000 

1879 

2,480,863 

51,370 

6,060 

19,746 

1,961 

2,560,000 

1880 

2,430,000 

134,267 

16,542 

44,820 

2,981 

2,628,610 

*  These  quantities  also  include  a  small  proportion  of  calcined  stone,  purple  ore, 
and  forge  and  miU  cinder  from  the  Malleable  Iron  Works. 
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Iron  mplraildiiig. — There  is  yet  another  important  branch  of 
the  iron  industries  of  Scotland  to  refer  to,  that  of  iron  ship- 
building. As  soon  as  iron  was  found  a  suitable  material  for  the 
construction  of  our  mercantile  marine,  this  industry  soon  attained 
immense  proportions  in  Scotland,  the  banks  of  the  Clyde  being 
rapidly  studded  with  iron  shipbuilding  yards.  These  yards  may 
be  said  to  commence  at  the  termination  of  the  quays  and  wharves 
of  Glasgow,  and  they  recur  at  intervals  for  miles  along  both 
banks  of  the  river.  The  first  application  of  iron  to  shipbuilding 
was  in  the  construction  of  canal  boats.  Some  half  a  century 
since  the  Horsley  Company  of  Staffordshire  constructed  a  sea- 
going steamer,  and  a  few  years  later  the  same  company  con- 
structed another  vessel  to  ply  on  the  river  Shannon,  in  Ireland. 
It  was  not,  however,  till  the  year  1880  that  the  first  iron  steamer 
was  constructed  on  the  Clyde.  This  was  the  Anglia,  of  80  tons 
burden,  which  plied  on  Lake  Eck,  en  route  to  Inverary.  The 
Fairy  Queen,  also  of  SO  tons  burden,  being  the  first  iron  steamer 
plying  on  the  Clyde,  was  built  in  1881.  This  last-named  vessel 
was  constructed  in  the  Old  Basin,  some  mile  and  a  half  distant 
from  the  Bromielaw,  was  launched  into  the  Clyde,  and  propelled 
by  an  oscillating  engine. 

The  City  of  Glasgow  appears  to  have  been  the  earliest  example 
of  the  new  form  of  iron  ship  of  any  size  ;  this  vessel  was  built  in 
the  year  1850,  of  1,609  tons,  and  was  propelled  by  a  screw. 

The  earliest  paddle  steamer  constructed  of  iron  was  the  Royal 
Sovereign,  of  447  tons,  and  plied  between  Glasgow  and  Liverpool, 
while  of  sailing  ships,  the  Iron  Duke,  of  898  tons,  was  constructed 
about  the  year  1840,  and  sailed  from  Glasgow  to  India ;  and  in 
the  year  1842  the  schooner-rigged  sailing  ship,  Glasgow,  of  100 
tons,  plied  between  the  last-named  place  and  Rotterdam,  vid  the 
Forth  and  Clyde  Canal. 

The  foregoing  sketch  shows  the  rise  and  progress  of  iron  ship* 
building  on  the  Clyde ;  it  will  be  remembered,  however,  that  this 
important  industry  is  also  pursued  with  vigour  and  success  in 
Aberdeen,  Dundee,  Leith,  and  other  places  on  the  Fifeshire  coast. 
For  many  of  the  above  facts  our  acknowledgments  are  due  to  the 
interesting  and  historical  paper  on  this  subject  by  Mr.  D.  Rowan, 
of  Glasgow,  read  at  the  Glasgow  Meeting  of  the  Iron  and  Steel 
Institute  in  1872. 

The  remarkable  development  of  this  industry  is  due  to  the 
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boundless  resources  of  coal  and  ironstone  within  easy  distance  of 
the  Clyde ;  the  iron  ore  being  wrought,  reduced  to  the  metallic 
state,  roUed  and  finished  in  those  extensive  works  to  which 
attention  has  been  previously  directed* 

The  earliest  available  statistics  at  hand  showing  the  tonnage  of 
iron  vessels  launched,  and  under  contract,  and  on  the  stocks  in 
the  Clyde  shipbuilding  district,  will  be  seen  in  the  annexed 
table : — 


Year. 

Tonnage 

On  Stocks  and 

YtiAT 

Tonnage 

On  Stocks  and 

Launched. 

Under  Contract. 

Launched. 

Under  Contract 

Tons. 

Tons. 

Tons. 

Tons. 

1863 

124,000 

140,000 

1872 

230,347 

247,345 

1864 

178,505 

105,957 

1873 

232,926 

192,608 

'  1866 

153,932 

109,404 

1874 

266,800 

1866 

124,513 

71,869 

1875 

228,200 

1867 

108,024 

124,082 

1876 

204,770 

1868 

169,571 

134,818 

1877 

168,000 

1869 

192,310 

140,199 

1878 

215,640 

1870 

180.401 

180,175 

1879 

174,570 

1871 

196,229 

301,809 

1880 

236,579 

The  Clyde  owes  much  of  its  prosperity  to  the  invention  of  the 
dredging  machine,  and  the  shipbuilders  on  its  banks  do  a  con- 
siderable trade  in  building  dredges  and  numerous  appliances  for 
improving  navigation.  It  may  be  further  added,  that  though  the 
practicability  of  constructing  vessels  of  iron  had  been  successfully 
tested,  it  was  not  until  the  year  1888  that  it  was  used  in  the 
hull  of  any  vessel  of  large  size. 
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Description  of  the  Ironstone  Measures  of  the  Northern  Coal-fields,  Leitrim,  Tyrone, 
Antrim — ^Analyses  and  Production  of  Coal — Southern  Coal-fields,  Leinster, 
Castlecomer,  Kilkenny — Analyses  and  Production  of  Coal — Iron  Ore  Deposits 
(Tertiary  Age)  county  Antrim — Magnetic  Ores,  county  Wicklow — Ores  of 
county  Cavan — ^Analyses  and  Production  of  Ore — List  of  Iron  Mines  in  1880, 
and  details  of  Production — Pig  Iron  Manufacture — ^Works  at  Dmmshambo^- 
Account  of  the  Arigna  Iron  Works — Materials  employed  in  Manufacture — 
Production  of  Pig  Iron  in  1856. 

Iron  IndnstriASv  Vorthem  Bistriets  (Leitrim,  Tyrone,  and 
Antrim) : — ^Ironstone  Measnres  of  the  ^itrim  Coal-field. — Sir 

Bobert  Kane  *  refers  to  the  "  Iron  Mountain  (SKeve-a-Nierin), 
on  the  eastern  shore  of  Lough  Allen,  as  a  hill  of  considerable 
elevation,  and  describes  it  as  consisting  of  alternate  beds  of  sand- 
stone and  slate  clay,  resting  upon  the  basis  of  the  upper  limestone. 
The  great  bed  of  slate  clay  varies  from  800  to  500  feet  in  thick- 
ness. In  this  clay  the  nodules  of  ironstone  are  disseminated  in 
abundance,  and  the  rains  washing  away  the  softened  and  de- 
composing clay,  the  balls  of  iron  ore  are  carried  down  to  the 
shore  of  the  lake,  whence,  and  from  the  beds  of  the  rivulets,  they 
are  collected  by  the  peasantry  and  brought  to  the  works  for  use. 
At  the  base  of  this  mountain  on  the  eastern  side  of  the  outlet  of 
the  lake  lies  Drumshambo,  where  this  ore  was  formerly  smelted." 
In  purity  this  ore  is  said  to  be  somewhat  superior  to  that  which 
is  found  on  the  western  side. 

The  stratification  of  the  country  on  the  western  side  of  Lough 
Allen  in  the  Arigna  district  is  similar  to  that  already  described  in 
the  Iron  Mountain,  "  Besting  on  the  limestone  of  the  surround- 
ing country  occurs  the  great  bed  of  slate  clay,  600  feet  in  thick- 
ness>  which  contains  numerous  beds  of  ironstone  from  half  an 
inch  to  two  feet  in  thickness.  Their  number  is,  as  Sir  B.  Griffith 
mentions,  almost  incredible,  but  the  most  important  occur  from 

*  *<  Industrial  Besources  of  Ireland,"  2nd  edit,  p.  133. 
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200  to  800  feet  above  the  limestone,  while  the  thin  beds  are  de- 
scribed as  being  in  most  cases  the  best;  that  of  Altagowlan, 
which  is  a  foot  Uuck,  was  amongst  the  richest  ironstone  Sir  B. 
Griffith  ever  saw.  The  usual  form  is  that  of  nodules,  in  size 
from  an  egg  to  that  of  a  bull's  head,  but  it  forms  also  strata  or 
sheets  of  considerable  extent." 

In  a  report  on  the  Arigna  district  in  1880,  made  to  the 
Directors  of  the  Company  by  Mr.  Twigg,  that  gentleman 
observes,  "  The  ironstone  mines  have  been  examined  and  the 
result  found  extremely  favourable.  A  greater  variety  of  iron- 
stones I  never  met  with,  from  which,  by  a  proper  admixture  and 
good  management,  I  have  no  hesitation  in  saying  that  pig  iron  of 
best  marks,  and  fit  for  foundry  work  of  every  kind,  may  be  ob- 
tained.  The  iron  mines  begin  in  Rover  and  continue  for  two 
miles  and  a  half.  I  measured  several  of  the  beds  to  more  than 
two  feet  thick,  in  some  places  laid  bare  in  the  ravines,  and  in  the 
bed  of  the  Arigna  river  we  can  get  any  quantity  at  the  shortest 
notice."  * 

Analyses  of  the  Ironstones. — The  annexed  analyses  of  nume- 
rous specimens  obtained  from  different  portions  of  the  Arigna 
district,  appear  in  their  detailed  character  and  composition  as 
follows : — 

Clay  Ihonstoke  Nodules  from  ABiaNA.t 


Constitaents. 

Ko.  1. 

No.  2. 

No.  3. 

Protoxide  of  iron 

Tjime 

Magnesia 

Alumina 

Insoluble  dav «... 
Carbonic  acid 

Total     . 

Loss  by  roasting .... 

Metallic  iron  per  cent. 

53-65 

•  •  » 

•  •  • 

1-00 
12-43 
32-92 

54-42 
2-23 
2-02 
1-43 
8-65 

31-25 

51*52 
0-69 
1-55 

15-50 
30-74 

100-00 

100-00 

100-00 

31-50 

30-90 

30-70 

41-70 

42-30 

40-00 

Of  the  veins  of  ironstone  two  specimens  were  analysed,  taken 
in  situ ;  they  gave : — 

*  <*  Industrial  Eesources  of  Ireland,"  1845,  2nd  edit,  p.  135. 
t  IUd„  p.  136. 
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Conititnents. 

No.  4. 

No.  5. 

Protoxide  of  iron 

liime 

Magnesia 

Alumina 

Insoluble  day  .... 
Garbonioacid              ... 

Totel     . 

Loss  by  Toaatiug                 .    . 

Metallic  iron,  per  cent.    . 

47-28 

1*26 

2*23 

1*59 

18*46 

29-18 

49*94 
3*75 
3*79 
0*87 
9*08 

32*57 

100*00 

100*00 

32*14 

29*80 

37*70 

38*80 

Sir  Bobert  Kane  adds  that^  as  none  of  these  were  picked 
specimens,  the  average  of  all  of  them  may  be  fairly  calculated  as 
the  material  available  on  the  large  scale  at  Lough  Allen,  and  the 
mean  of  the  above  five  analyses  gives : — 

RiSTTLTS  Tabulated. 

Protoxide  of  iron 51*36    ' 

lime 1*59 

Magnesia 1*92 

Alumina 0*98 

Insoluble  clav 12*82 

Oarbonioaoid 31*33 

Total 100-00 

Loss  by  calcining 31*33 

Metallio  iron,  per  cent 40*00 


It  therefore  appears  that  these  ironstones  are  equal  to  the  best 
argillaceous  ores  of  South  Staffordshire,  or  South  Wales,  and  are  only 
surpassed  by  the  Black  Bands  of  the  Clyde  valley  in  Lanarkshire. 

Xroiuitones  of  the  Tyrone  Coal-fleld. — In  the  shales  and  fine 
clays  of  the  middle  series  of  coal  measures  of  Dungannon  there  is 
a  good  deal  of  ironstone  occurring  both  in  beds  and  nodules ;  the 
former,  in  one  or  two  instances,  from  one  to  two  feet  thick,  the 
latter  abundant.  None  of  them  have  been  worked  to  any  extent, 
so  far  as  is  known.  They  have  the  usual  composition  of  clay 
ironstones,  and  contain  about  the  average  per-centage  of  iron. 
Traces  of  an  old  furnace  are  found  in  the  townland  of  Derry  near 
the  road  leading  from  Derryvale  to  Stewartstown,  and  a  quantity 
of  slag  lies  about.    It  is  possible,  therefore,  that  some  of  the 
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ironstones  above  the  Derry  coal  were  formerly  smelted.  Mr* 
Hardman,  who  has  examined  some  of  them,  both  for  the  amount 
of  iron,  and  the  presence  or  absence  of  sulphur  and  phosphorus, 
gives  the  annexed  results.  The  specimens  were  all  obtained  from 
the  neighbourhood  of  Coal  Island : — * 

AkALTSES  of  IbONSTONES,  "DXJNQJOSnXOV  COAJL-YIEILD. 

No.  1.  Thin  seam  of  ironstone  from  above  the  Shining  Seam.f 

Metallic  iron 35*50  per  cent 

Neither  sulphur  nor  phosphorus  present. 

No.  2.  Ironstone  nodules  from  Gortnaskea  Goal. 

Metallic  iron 34*40  per  cent. 

Neither  sulphur  nor  phosphorus  present. 

No.  3.  Ironstone  nodules  above  Beltiboy  Goal. 

(a)  Metallic  iron         .        .        .        .32*50  per  cent. 

Neither  sulphur  nor  phosphorus. 
(6)  Metallic  iron         ....    21*70  per  cent. 

No  sulphur ;  a  trace  of  phosphorus, 
(c)  (?)  Black  Band  Ironstones. 

Metallic  iron       .        .        .        .23*50  per  cent. 
No  sulphur ;  a  trace  of  phosphorus. 

No.  4.  Iron  nodules  from  Derry  Goal. 

Metallic  iron 28*80  per  cent. 

No  sulphur;  no  phosphorus. 

Zroiurtone  of  the  Antrim  Coal-fleld. — This  coal-field  contains 
an  important  measure  of  Black  Band  raised  in  notable  quantities 
and  exported  to  Scotland  in  the  calcined  state.  ''  The  ironstone 
occurs  in  the  lower  beds  of  the  carboniferous  series.  These  beds 
consist  of  red  and  yellow  sandstones,  sometimes  coarse^  with 
beds  of  shale,  the  base  of  the  series  being  a  quartzose  con- 
glomerate reposing  upon  contorted  mica-schist  with  veins  of 
quartz.''  I  Analyses  of  the  Ballycastle  Black  Band  is  not  at 
hand ;  the  composition,  however,  of  one  or  two  varieties  raised 
extensively  in  Lanarkshire  will  show  the  constituents  of  these 
ores.  The  average  yield  of  the  Black  Bands  of  the  Clyde  district 
may  be  taken  at  81'60  per  cent,  in  the  raw,  and  45'80  per  cent, 
in  the  calcined  state ;  Mushet's  Black  Band  giving  in  the  raw 
state  41*00  per  cent,  of  metallic  iron,  increased  to  68*10  per  cent, 
in  the  calcined  state  : —  § 

*  "  Proceedings  of  the  Royal  Irish  Academy,"  Second  series,  vol.  ii.,  p.  637. 
t  The  term  "  Shining  Seam/*  is  usually  applied  to  "  Micaceous  Iron  Ore." 
%  *'  Ck>al-fields  of  Great  Britain,"  4th  edition,  p.  339. 
§  "  Industrial  Resources  of  Ireland,'*  1845,  2nd  edition,  p.  27. 
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«    ConBtituents. 

Crou  Basket 
Ironstone. 

Musbet's  Black 
Band. 

Protoxide  of  iron 

Lime 

Magnesia 

SiUca 

Alumina  .... 
Bituminous  matter      .        .     , 
Carbonic  acid   .... 
Moistui-e  and  loss                 .     . 
Peroxide  of  iron 

42-15 
4-93 
4-80 
9-73 
3-77 
3-12 

31-50 

•  •  • 

•  •  • 

53-03 
3-33 
1-77 
1-40 
0-63 
303 

35-17 
1-41 
0-23 

Total        .... 

100-00 

100-00 

Zrelaad,  Southern  Distriots. — Zronstones  of  the  Leiiuitdr 
Coal-fleld. — The  ironstones  of  this  coal-field  are  fairly  illustrated 
by  the  following  description  and  analysis  of  ironstone  raised  from 
the  Castlecomer  Collieries  of  Mr.  Wandesford  : — *  "  The  colour 
is  dark  grey  when  fresh,  but  becoming  rust-coloured  by  long  ex- 
posure to  the  ah*.  The  specific  gravity  is  about  8*250.  When 
ignited  it  loses  29  per  cent,  of  its  weight,  and  the  residue  is 
strongly  attracted  by  the  magnet."  Two  different  specimens 
give  the  annexed  results  : — 


1 

Constituents.                         j          First 

Second. 

Pi'otoxide  of  iron 

Lime 

Magnesia 

Alumina      ..... 

Insoluble  matter 

Carbonic  acid       .        .        .     . 

51-08 

•16 

1-05 

1-86 

13-92 

31-93 

48-03 

1-51 

4-24 

1-45 

16-17 

28-60 

Total    .... 

100-00 

100-00 

Metallic  iron 

39-70 

37-60 

It  is  remarked  of  these  ironstones  that  as  they  were  not  selected 
for  analysis  on  account  of  any  apparent  superiority  to  other 
specimens,  they  may  probably  represent  the  ordinary  run  of  the 
ii*onstone  of  the  Leinster  district. 

Iron  Ore  Deposits  of  the  Coimty  Antrim. — The  most  im- 
portant deposits  of  iron  ore  in  Ireland  now  in  process  of  develop- 
ment are  situated  in  the  county  Antrim.  For  an  account  of  the 
area  including  these  deposits  we  reproduce  an  interesting  paper 


*  u 
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by  Mr.  J.  D.  Kendall,  C-E.,   F.G.S.,  on  the   "Iron  Ores  of 
Antrim : — * 

"  The  north-east  comer  of  Ireland,  that  occupied  by  the  county 
Antrim,  is  almost  entu-ely  covered  by  a  sheet  of  basalt,  varying 
in  thickness  from  a  few  feet  to  upwards  of  a  thousand  feet.  This 
basalt  rests  upon  chalk,  and  is  supposed,  from  the  nature  of  the 
fossil  plants  yielded  by  it,  to  be  of  Miocene  age.  The  following 
generalised  section  of  the  rocks  in  the  county  of  Antrim  will  show 
its  relative  position  in  the  geological  scale  : — 

STSTEX.  CHARACTSa  Of   BOCK. 

Tertiary Basalt. 

C«t*«««" (SLand. 

Oolitio Wanting. 

Jurassic Lower  lias  shales. 

m_;     .  f  Variegated  marls,  &c.  (Keuper), 

•^™^^® t  Sandstone  (Bunter). 

Permian  (?) Magnesian  limestone,  &c. 

(  Cod[  measures. 
Carboniferous <  Carboniferous  limestone. 

(  Carboniferous  slates. 

Devonian Bed  sandstone  and  conglomerate. 

Silurian Wanting. 

Cambrian     .....    Mica  slate. 


^'  Generally,  the  basalt  may  be  divided  into  three  classes — ^the 
amorphous,  the  columnar,  and  the  concretionary — the  second  of 
which  is  well  known  to  all  who  have  visited  the  Giant's  Causeway,, 
on  the  north  coast.  The  amorphous  and  concretionary  varieties- 
may  also  there  be  seen,  between  and  below  the  tiers  of  columns. 

*'  Although  the  basalt  is  not  a  sedimentary  rock,  yet  it  shows 
evident  traces  of  bedding,  as  will  have  been  noticed  by  all  who 
have  been  along  the  Causeway  coast.  The  basalt  there  exhibits- 
two  fine  parallel  tiers  of  columns,  which  have  a  gentle  inclination 
inland.  The  lower  tier,  as  it  crops  out  at  one  point,  forms  the 
celebrated  Giant's  Causeway.  Between  and  below  the  columns, 
the  basalt  has  quite  a  bedded  appearance,  the  beds  being  parallel 
to  those  exhibiting  the  columnar  structure,  that  is  dipping  inland. 

"  Mode  in  which  the  Ores  occur  aoid  their  Nature. — Inter- 
stratified  with  the  basalt,  and  parallel  to  the  bed  planes  thereof, 
are  a  number  of  ferruginous  clayey  bands,  of  reddish  appearance, 
which  may  be  distinctly  seen  along  the  coast  cliffs,  presenting  a 
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striking  contrast  to  the  basalt.  The  precise  number  of  these 
bands  is  not  known,  but  there  are  as  many  as  five  in  some  parts 
of  the  field,  and  there  may  be  more.  They  occur  one  above  the 
other,  like  seams  of  coal,  at  variable  distances  apart.  Usually 
they  consist  of  a  ferruginous  clay,  called  "  bole,"  with  an  under- 
lying layer  of  lithomarge.  But  there  is  one  of  the  seams,  which, 
in  addition  to  these  two  materials,  contains,  above  the  bole,  a  thin 
band  of  iron  ore,  of  a  pisolitic  nature.  This  is  the  most  im- 
portant band  in  the  series.  From  it  is  obtained  that  ore' of  iron, 
which  passes  by  the  name  of  Irish  ore.  It  occurs  below  the 
bottom  tier  of  columns,  and  appears  to  be  the  highest  of  the 
series  of  ferruginous  bands.  It  may  be  seen  in  the  cliffs  near  the 
Giant's  Causeway,  and  is  found  nearly  all  over  the  county.  The 
following  section  of  it  will  explain  its  nature,  and  show  the  re- 
lation it  has  to  the  basalt  above  and  below  it : — 

PC      (  Columnar  basalt — Lower  tier. 

<^  ^     Clay, — Slate  coloured,  passing  imperceptibly  into  the  overlying 
g  2^  -j  basalt.    Its  thickness  is  very  irregular,  and  it  peels  off 

9  o  the  basalt  in  laminae  parallel  to  the  sinuosities  of  the 

I  imder  surface  thereof. 


"  Pisolitic  Bad. — This  bed,  which  varies  in  thickness  from  a 
few  inches  to  between  2  and  8  feet,  consists  of  a  soft,  brown,  or 
reddish-brown  ferruginous  ochre,  in  which  are  thickly  embedded 
small  dark  grey  irregular  pieces  of  harder  ore,  which  are  strongly 
attracted  by  the  magnet.  The  junction  between  this  bed  and  the 
.overlying  clay  is  very  distinct,  and  they  separate  easily.  Pieces 
of  fossil  (coniferous)  wood  have  been  found  in  it,  the  tissue 
replaced  by  iron  ore. 

**  Bole. — ^A  yellowish-red  ferruginous  ochre  containing  a  number 
of  concretionary  nodules  of  basalt.  Not  hard,  and  breaking  up 
into  irregular  cuboidal  pieces.  The  junction  between  this  rock 
and  the  overlying  ore  is  not  very  distinct.  Thickness^  usually  5 
to  10  feet. 

''  Ljthomarge. — A  variegated  soft  rock  of  a  prevailing  blue  slate 
colour.  Like  the  bole,  it  contains  concretionary  nodules  of  basalt, 
but  more  of  them.  The  line  separating  this  bed  from  the  bole  is 
not  very  distinct.    Sometimes  this  bed  is  nearly  80  feet  thick : — 

g  p^  ^  I  Concretionary  basalt  passes  gradually  into  the  overlsring  litho- 
g  o  a  t        marge. 
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*'  The  extent  of  the  pisolitic  bed  is  not  known,  but  it  must  cover 
some  thousands  of  acres,  although  it  does  not  occur  everywhere 
within  the  basaltic  area.  In  many  places  it  has  been  removed  by 
denudation,  being  found  in  the  hills,  but  absent  in  the  intervening 
valleys.  The  breach  of  continuity  thus  brought  about  is  further 
increased  by  the  numerous  faults  and  dislocations  that  traverse 
the  country. 

''  It  is  possible  that  there  may  be  more  than  one  pisolitic  bed, 
that  the -seams  which  have  been  worked  by  the  different  mining 
companies  in  the  county  may  not  be  portions  of  one  original 
seam  as  is  generally  supposed,  but  may  belong  to  different  seams. 
So  far,  however,  as  is  at  present  known,  they  appear  to  be  parts 
of  the  same  seam. 

"  The  quality  of  the  pisolitic  ore  is  very  good,  as  shown  by  the 
following  analyses  of  ore  worked  at  Red  Bay  by  the  Glenariff 
Iron  Ore  and  Harbour  Co.,  at  Cargan  and  Broughshane  by  the 
Antrim  Iron  Ore  Co.,  and  at  Slievan-anee  by  Messrs.  Fisher 
and  Co. : — 

Analyses  of  Pisolitic  Ore. 


Constituents. 

RedBay. 

Red  Bay. 

Cargan. 

Brough- 
shane. 

Knock- 
boy. 

Slie\*an- 
anee. 

Slievan- 
anee. 

Peroxide  of  iron . 

59*40 

77-22 

60-5<) 

66-42 

63-70 

71-00 

81-50 

Pixjtuxide  of  iron   .       .     . 

•  • 

•  • 

m    • 

■  ■ 

•  ■ 

18-00 

•  ■ 

Oxide  of  manganese   • 

•  • 

■  • 

o-ii 

trace 

•  ■ 

trace 

2-57 

Titanic  acid    . 
Vanadic  acid 

■  ■ 

trace 

{".•^ 

5-28 

•  • 

4-60 

•  • 

1  - 

trace 

Alumina 

2-80 

•  • 

7-92 

12-54 

12-75 

•  • 

4-20 

Hilica 

10-40 

20-65 

5-47 

7-08 

6-30 

9-00 

8-50 

iSuIphur 

•  « 

■  • 

0-03 

trace 

0-02 

m    • 

«  • 

Phosphorus 

•  • 

■  ■ 

trace 

0-02 

0-06 

•    • 

•  • 

Ma^eaia        .... 

•  ■ 

•  ■ 

0-10 

0-08 

0-05 

■    « 

,  , 

Lime 

«  ■ 

«  • 

0-«)8 

O-JO 

0-10 

•   « 

0-93 

Water  of  combination    .    . 

8-40 

2-13 

14-34 

8-82 

12-70 

•    • 

1-lW 

Per-centage  of  metallic  iron 

41-58 

64  05 

4rt-61 

45-99 

44-60 

63-70 

65-30 

Analyst        .... 

Ajijohn. 

Cameron. 

Tosh. 

Tosh. 

Tosh. 

Cameron. 

Hodges. 

"  The  average  amount  of  metallic  iron  contained  in  the  above 
seven  varieties  of  pisolitic  ore  is  equivalent  to  61"70  per  cent., 
compared  with  28'85,  the  average  of  the  four  following  analyses 
of  bole. 

**  The  bole  as  a  rule  yields  less  than  half  as  much  iron  as  the 
pisolitic  ore.  The  following  are  analyses  of  samples  taken  chiefly 
from  the  bole,  but  having  a  slight  admixture  of  the  pisolitic  ore. 
The  yield  of  iron  is  consequently  higher  than  could  be  obtained 
fi'om  an  immixed  sample  of  bole : — 
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Analyses  of  Bole. 


Coiuitltuents. 

Kilwaiighter. 

Glenarm. 

TuUy. 

Peroxide  of  iron     . 

41-00 

4500 

33-34 

45-50 

Oxide  of  manganese  .     . 

•  •  • 

trace 

• .. 

trace 

Titanic  acid    . 

0-50 

^ 

/       6-31 

200 

Alumina    . 

51-00 

•     36*44 

41-13 

35-50 

Silica     .... 

100 

s 

I       3-78 

4-00 

Magnesia  . 

trace 

2-44 

0-97 

•  •  ■ 

Lime      .... 

0-50 

0-56 

0-21 

0-35 

Sulphur    .        .        .     . 

•  •  • 

•  •  • 

trace 

•  •  • 

Phosphorus    . 

... 

•  •  • 

0-04 

•  «  • 

Water  of  combination    . 
Total     .        .    . 
Metallic  iron  . 

6-00 

18-00 

15-55 

12-65 

100- 

102-44 

100-33 

100' 

28-70 

31-50 

23-34 

31-85 

Analyst     .        .        .     . 

Cameron. 

Cameron. 

Tosh. 

Cameron* 

"  The  maiu  difference  between  the  pisolitic  ore  and  the  bole  is, 
according  to  these  analyses,  in  the  greater  quantity  of  iron  and 
less  quantity  of  alumina  contained  by  the  former.  The  yield  of 
iron  by  the  lithomarge  is  too  small  to  render  it  of  any  value  for 
iron  making. 

''  Origin  of  tlie  Deposits :  Lithoiiiarge  and  Bole. — The  way  in 
which  the  bole  and  lithomarge  have  been  produced  seems  to  be 
rendered  very  clear  by  the  presence  of  the  concretionary  nodules. 
The  graduation  from  bole  to  basalt,  and  from  lithomarge  to  basalt, 
in  the  two  sets  of  nodules,  leaves  no  doubt  that  both  these  beds 
are  the  result  of  metamorphic  action  on  basalt. 

^'  The  appearance  presented  by  these  nodules  cannot  possibly 
be  explained  on  any  other  assumption  than  that  both  bole  and 
lithomarge  are  metamorphosed  basalt.  But  whether  the  rock 
from  which  they  were  produced,  was  exactly  alike  in  chemical 
constitution  to  the  basalt  now  above  and  below  them,  it  is  im- 
possible at  present  to  say,  as,  indeed,  it  is  also  to  say  whether 
they  both  have  been  produced  from  the  same  sort  of  rock,  or 
from  two  chemically  diiierent  rocks.  The  probability  is  that  they 
were  formed  from  beds  of  rock  chemically  different.  If  not,  and 
they  were  both  subjected  to  the  same  sort  of  metamorphism,  then 
the  two  beds  must  represent  two  different  stages  of  the  process. 
But  if  bole  be  metamorphosed  lithomarge,  that  is,  if  it  has  under- 
gone a  higher  degree  of  metamorphism  than  lithomarge,  we  should 
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find  in  the  concretionary  nodules  of  the  bole  a  transition  fi:om 
basalt  to  lithomarge  in  the  first  place,  and  then  from  lithomarge 
to  bole ;  in  other  words,  between  the  bole  and  basalt  we  ought 
to  find  a  layer  of  lithomarge,  but  we  do  not — at  least  I  have  not. 
Then  again  if  lithomarge  is  altered  bole,  we  should  find  in  the 
concretions  of  the  lithomarge  bed  a  layer  of  bole  immediately 
round  the  basalt,  which  we  do  not.  This  inclines  me  to  the  idea 
that  the  bole  has  been  produced  from  a  bed  of  rock  (basalt)  having 
a  different  composition  from  that  which  has  been  altered  to  litho- 
marge. A  fact  which  may  throw  some  light  on  the  mode  of  meta- 
morphism  may  be  observed  in  connection  with  the  bed  of  clay 
lying  between  the  pisoUtic  bed  and  the  overlying  basalt.  This 
clay,  I  believe,  is  also  metamorphosed  basalt,  for  there  is  a  most 
gradual  laminated  passage  from  hard  basalt  to  soft  clay. 

"  The  fact  I  refer  to  is  that  whenever  the  clay  bed  crops  out  to 
day  it  appears  to  thicken,  which  seems  to  indicate  that  whatever 
was  the  metamorphic  influence,  it  acted  more  powerfully  than  at 
any  other  point. 

^*  Piaolitic  Bad. — This  bed  has  been  variously  accounted  for ; 
some  have  supposed  it  to  be  of  igneous  origin,  others  consider 
that  it  is  metamorphosed  bole,  whilst  not  a  few  are  of  opinion 
that  it  had  an  aqueous  origin.  The  fact  already  pointed  out  that 
fossil  wood  has  been  found  in  the  bed  seems  to  favour  the  last 
idea.  It  clearly  precludes  the  possibility  of  the  first  and  second. 
Besides  if  this  ore  is  the  result  of  metamorphic  action  on  the 
bole,  why  do  we  not  find  the  same  sort  of  ore  accompanying  the 
other  bole  beds  ?  They  were  all  alike  overlaid  by  a  bed  of  basalt, 
which,  according  to  the  holders  of  this  theory,  had  a  considerable 
influence  in  altering  the  bole  into  ore. 

"  The  precise  mode  of  deposition  usually  advocated  by  those 
who  believe  in  the  aqueous  origin  of  this  bed,  is  the  sedimentary. 
But  that,  I  think,  is  scarcely  reconcileable  with  the  facts.  The 
freedom  of  the  ore  from  the  mechanical  admixture  of  other  rocks 
seems  to  me  alone  a  sufficient  argument  against  any  theory  which 
would  account  for  its  deposition  in  that  way. 

"  The  most  likely  mode  of  origin  appears  to  be  that  of  precipita- 
tion from  a  chemical  solution,  possibly  by  organic  agency,  but  not 
necessarily  so.  On  that  supposition  the  absence  of  foreign  matter, 
such  as  would  almost  assuredly  have  been  present  had  the  bed  been 
of  sedimentary  origin,  offers  no  difficulty,  whilst  the  occurrence  of 
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the  wood  is  as  easily  explained  as  by  the  sedimentary  theory. 
And  if  we  suppose  that  the  bed  of  rock  (basalt)  from  which  the 
bole  was  produced  was  in  a  comparatively  soft  and  decomposed 
state,  at  the  time  the  ore  was  deposited,  we  have  a  probable  ex- 
planation of  the  fact,  already  stated,  that  the  junction  between  the 
ore  and  bole  is  not  very  distinct.  Some  of  the  first  precipitated 
ore  would  almost  certainly  find  its  way  into  the  decomposed  bed 
below,  the  effect  of  which  would  be  to  produce  the  appearance  of 
a  regular  transition  &om  iron  ore  to  bole.  The  pisolitic  condition 
of  the  ore  is  probably  due  to  the  influence  of  the  overlying  lava 
whilst  in  a  heated  condition. 

^'Workiiig  the  Deposits. — The  geographical  conformation  of 
the  area  covered  by  the  basalt  is  such  as  to  render  the  working  of 
the  iron  deposits  a  matter  of  great  simplicity.  The  seam  (assuming 
that  there  is  only  one)  is  usually  found  cropping  out  on  the  hill 
sides  and  lying  nearly  level.  It  is  in  consequence  worked  by  day 
levels.  No  shafts  are  required,  nor  any  pumping  machinery,  the 
water  being  carried  off  by  the  levels.  The  ore  is  soft  and  easily 
worked,  whilst  the  roof  is  strong  and  good,  so  that  very  little 
timber  is  required.  All  that  is  used  is  obtained  from  the  imme- 
diate neighbourhood  at  a  very  low  price.  In  addition  to  all  these 
advantages  wages  are  low ;  so  that  the  working  expenses  of  a  mine 
are  very  light.  The  greatest  drawback  to  the  working  of  these 
mines  is  their  distance  from  port,  some  of  them  being  so  far  away 
that  the  ore  costs  S«.  or  As.  or  more  per  ton  for  carriage.  In  some 
cases,  too,  the  pisolitic  ore  is  not  more  than  a  foot  in  thickness, 
so  that  a  portion  of  the  bole  has  to  be  worked  away  with  it,  and 
it  is  only  in  good  times  that  much  of  this  bole  can  be  sold,  so 
that  the  necessity  to  work  it  whether  it  can  be  sold  or  not,  in- 
creases, as  a  consequence,  the  cost  of  getting  the  pisolitic  ore. 
But  for  these  two  circumstances  Irish  ore  would  occupy  a  much 
more  important  position  in  our  market  than  it  does." 

The  area  of  the  county  Antrim  occupjdng  the  ferruginous 
deposits  extends  on  the  north-east  coast  from  Cushendall  to 
Carrickfergus,  and  inland  from  two  to  ten  miles.  From  this  area 
for  some  years  past  the  mines  have  furnished  the  great  bulk  of  the 
iron  ore  raised  in  Ireland. 

At  Evishacrow,  between  Ballymena  and  Cushendall,  in  the 
county  Antrim,  hematitic  iron  ore  is  wrought  in  some  quantities. 
A  section  of  strata  at  these  mines  presents  the  following  stratified 
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beds  :  at  the  surface  appears  basaltic  rock  reposing  upon  a  seam 
of  iron  ore  known  as  pisolitic  or  '*  shot  ore/'  and  having  an 
average  thickness  of  some  18  inches ;  this  ore  consists  of  nodules 
of  almost  pure  oxide  of  iron,  varying  in  size  from  the  head  of  a 
pin  to  a  small  nutmeg,  and  embedded  in  a  soft  ochreous  matrix 
or  paste.  Locally  it  has  received  the  appropriate  name  of  shot 
ore.  Next  in  descending  order  occurs  a  bed  of  aluminous  ore, 
varying  in  thickness  from  4  to  6  feet,  and  containing  22  per  cent, 
of  metallic  iron;  this  is  advantageously  employed  in  the  blast 
furnace  as  a  flux.  Beneath  the  aluminous  ore  occurs  a  deposit 
of  blue  lithomarge  found  in  thickness  varying  from  25  to  85 
feet. 

The  ferruginous  deposits  of  the  Evishacrow  mines  occur  at  an 
elevation  of  870  feet  above  the  level  of  the  sea,  the  strata  dipping 
gently  to  the  south-west. 

The  mode  of  working  these  mines,  like  others  in  the  district, 
is  by  driftways  driven  in  from  the  mountain  side  at  the  outcrop 
of  the  deposit.  The  headings  are  pushed  forward  to  the  north- 
east, following  the  rise  of  the  pisolitic  deposit,  which  affords  a 
gentle  incline  to  the  mouth  of  the  workings,  thus  facilitating  the 
running  out  of  the  loaded  corves.  This  inclination  also  allows 
the  mine  waters  to  get  away  easily  by  gravitation,  a  very  effective 
natural  drainage  being  thus  formed.  The  roof  of  the  mine  is 
self-supporting,  no  timbering  being  used  in  the  workings  beyond 
the  first  13  fathoms  or  so  in  each  of  the  drifts.  The  mode  of 
working  is  the  long  wall  system,  the  ore  is  easily  won,  and  does 
not  require  blasting,  being  brought  away  easily  with  the  pick  ;  it 
is  of  singular  purity,  having  no  trace  of  either  sulphur  or  phos- 
phorus. This  class  of  ore  is  extensively  used  in  steel  making. 
The  mines  are  connected  by  a  branch  with  the  Ballymena,  Cush- 
endall,  and  Red  Bay  Railway,  which  enables  the  ore  to  be  sent 
either  to  Belfast  or  Lame  for  shipment,  from  which  latter  port 
considerable  quantities  are  shipped,  the  port  having  been  lately 
greatly  improved,  and  recently  connected  with  the  Ballymena  and 
Lame  Railway. 

The  royalty  under  which  the  workings  at  Evishacrow  are 
carried  out  covers  an  area  of  800  acres,  and  it  is  estimated  that 
iron  ore  exists  under  the  greater  part  of  this  area.  Dr.  Percy,  to 
whom  samples  of  the  ore  was  submitted,  gives  the  following 
analysis,  showing  its  composition  per  cent, : — 
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Besttlts  Tabxtlated. 

Peroxide  of  iron 76*51 

Protoxide  of  iron 2*92 

Protoxide  of  manganese 0*24 

Lime traces 

Magnesia traces 

Alumina 3*14 

Silica 6*54 

Titanic  acid 9*50 

Combined  water 2*00 

Hygroscopic  water 1*32 

Phosphorus none 

Lur none 


Phosp] 
Sulphi: 


Total 100*17 

Metallic  iron,  per  cent 55*13 

Dr.  Percy  adds,  "  The  ore  is  remarkably  free  from  phosphorus 
and  sulphur,  and  will  yield  pig  iron  very  suitable  for  conversion 
into  steel  by  the  Bessemer  process.  The  presence  of  titanic  acid 
will  not  injuriously  affect  the  quality  of  the  pig  iron,  for  some  of 
the  best  Swedish  bar  iron  is  made  from  ore  rich  in  titanic  acid. 
The  ore  may  be  regarded  as  rich,  and  in  that  respect  is  equal  to 
the  average  of  the  red  hematites.'' 

The  mines  of  the  Antrim  Iron  Ore  Company,  situated  at 
Broughshane,  Cargan,  Camlough,  Glenarm,  and  Newton  Crom- 
mellin,  are  of  considerable  extent,  and  yield  large  returns.  The 
pisolitic  ore  here  wrought  is  found,  as  in  the  districts  previously 
referred  to,  in  beds  varying  from  15  to  24  inches  in  thickness, 
and  beneath  basaltic  rock  which  reposes  upon  it.  A  bed  of 
aluminous  ore  occurs  below  the  pisolitic  ore,  but  it  is  only 
worked  to  a  limited  extent  from  the  circumstance  of  its  being 
less  rich  in  metallic  iron  than  the  pisolitic  ore.  Lithomarge  is 
also  met  with  of  a  prevailing  blue  colour,  in  a  bed  of  considerable 
thickness,  and,  like  the  aluminous  ore,  it  is  not  extensively 
worked,  as  it  is  too  poor  in  metallic  iron  to  render  it  of  value 
for  iron  making.  The  deposits  in  the  above-named  localities  lie 
some  600  or  700  feet  above  the  level  of  the  sea. 

The  constituents  of  these  ores,  rich  in  alumina,  varying  from 
SO'OO  to  84'55  per  cent.,  from  the  mines  of  Glenarm  and  Carn- 
lough,  are  as  follows : — * 

*  Faronred  by  Silas  Erans,  Esq.,  of  Belfast. 
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Constituents. 


Peroxide  of  iron 

Protoxide  of  iron 

Protoxide  of  manganese 

Alumina 

Lime 

Magnesia 

Silica 

Titanic  acid . 

Sulphuric  acid . 

Phosphoric  acid   . 


Total 


Metallic  iron 


Analyst 


Glenarui. 


Camloogh. 


60-23 
103 
0-44 

30-00 
0-29 
0-26 
9-50 
0-70 


2-51 
513 


29-88 
1-99 
0-24 

33-69 
0-92 
0-16 

11-58 
0-74 

trace 

•  •  • 

21-65 


Carnlough. 


24-75 
0-72 
0-35 

34-55 
0-77 
0-27 
510 
115 


32-48 


100-09 


100-85 


10014 


35-96 


22-47 


17-89 


Heywood. 


Tosh. 


Tosh. 


Mr.  Charles  A.  Heywood,  public  analyst  of  Whitehaven,  who 
examined  the  Glenarm  ore,  remarks  of  it,  *'  That  it  contains  a 
high  per-centage  of  metallic  iron,  some  manganese,  and  no  sul- 
phuric or  phosphoric  acids.  It  is  of  great  use  on  account  of  its 
containing  an  excess  of  alumina,  as  a  flux  in  the  blast  furnaces 
using  siliceous  red  hematites.  The  per-centage  of  water  is  very 
small,  the  ore  is  hard,  and  will  bear  a  heavy  burden  in  the 
furnace." 

The  deposits  worked  at  the  Glenanff  mines  situated  near 
Cloughor,  in  the  county  Antrim,  by  the  Glenariff  Iron  Ore  and 
Harbour  Company,  Limited,  are  thus  described  by  Mr.  Philip 
Argall,  captain  of  the  mines :  "  The  iron  ore  measures  of  the 
Glenariff  valley  are  found  interstratified  with  igneous  rocks 
(dolerites,  basalts,  and  tuffs)  of  tertiary  age." 

At  the  mines  now  working  the  iron  ore  the  measures  are  about 
70  feet  thick,  and  are  found  to  rest  on  about  400  feet  of  dolerite, 
being  covered  by  about  800  feet  of  a  similar  rock ;  these  measures 
or  ores  may  be  divided  into  four  classes  as  follows :  "  Lithe- 
marge,"*  ** Pavement,"  Aluminous  Ore  (Ball  or  Second  Ore), 
and  Pisolitic  Hematite  or  First  Ore. 

The  lithomarge  varies  from  40  to  45  feet  thick,  and  contains 
from  15  to  20  per  cent,  of  metallic  iron,  and  80  per  cent,  of 


•  "  Lithomarge."    A  silicate  of  Alumina.    In  many  respects  resembling  Kaolin, 
or  China  clay.    In  this  instance  it  appears  to  bear  a  local  signification. 
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alumina ;  it  varies  in  colour  from  light  lavender  to  black,  and  is 

oflten  liver  coloured,  or  bluish  with  white  spots. 

Analysis  of  the  lithomarge  above  referred  to  is  not  available. 

A  continental  variety,  however,  rich  in  alumina,  will  show  its 

general  composition.* 

Con  STiT  uEifrs. 

Silica 49-20 

Alumina 36*20 

Peroxide  of  iron 0'50 

Water 14*00 

Total 99-90 

Besting  on  the  lithomarge  is  a  yellowish  ochreous  rock,  called 
'*  pavement "  by  the  miners,  as  it  forms  the  floor  or  pavement 
of  the  first  and  second  ores ;  this  rock  varies  in  thickness  from 
15  to  20  feet,  and  contains  from  20  to  25  per  cent,  of  metallic 
iron,  and  about  80  per  cent,  of  alumina. 

The  aluminous  ore  (second  ore)  is  generally  found  resting  on 
the  **  pavement,"  but  it  frequently  occurs  in  beds  of  from  4  to  5 
feet  in  thickness,  interstratified  with  the  lithomarge  and  pavement. 
The  aluminous  ore  is  of  a  light  red  colour,  and  is  brittle  though 
soft,  and  contains  from  25  to  SO  per  cent,  of  metallic  iron,  and 
from  85  to  40  per  cent,  of  alumina ;  this  ore  is  sometimes  called 
bauxite:  where  it  occurs  immediately  under  the  pisolitic  ore  it 
usually  has  a  few  pisolites  of  the  former  disseminated  through  it. 

Overlying  the  aluminous  ore,  or  where  it  is  absent,  is  found  the 
pisolitic,  or  first  ore ;  this  is  covered  by  the  hard  dolerite  roof, 
and  separated  from  it  by  a  few  inches  of  steatitic  clay. 

The  pisolitic  ore  varies  from  12  to  20  inches,  and  sometimes 
swells  from  24  to  SO  inches  in  thickness,  and  is  usually  found 
best  developed  at  the  top  of  the  seam  which  is  the  richest  part. 
The  ore  is  also  found  to  vary  in  colour  from  red  through  brown 
to  black,  the  latter  being  most  abundant  at  the  Glenariff  mines. 
The  black  ores  usually  contain  from  eight  to  ten  per  cent,  of 
titanic  acid,  and  are  regarded  as  the  richest  and  purest  to  be 
found  in  the  county.  The  first  two  ores,  examined  by  Mr.  E.  W. 
J.  Jones,  public  analyst  of  Wolverhampton,  give  the  following 
results : — the  first  a  pisolitic  ore,  the  second  an  aluminous  ore.f 

♦  "  Gloamy  of  Mineralogy.*'    H.  W.  Brifltow,  F.R.S.,  p.  221. 
f  FaTOored  by  John  Ham,  Esq.,  Secretary  of  the  Glenarifi  Iron  Ore  and  Harbour 
Company,  Limited. 
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The  third  analysis  of  best  Glenariff  ore  is  by  Mr.  A.  B.  Cowan. 

Results  Tabttlated. 


GonstitQents. 


First. 


Second. 


Combined  water 

Peroxide  of  iron  . 

Protoxide  of  iron 

Protoxide  of  manganese 

Alumina  . 

Silica  . 

Lime 

Magnesia 

Phospboric  acid 

Sulpnorio  acid 

Car  Donic  add   . 

Pyrites 

Titanic  acid 

Moisture  at  100  C. 

XjOSS,  &c.  • 


Metallic  iron  per  cent. 


71-64 
1-88 
0-27 
4-25 
505 
0-81 
0-61 
0-20 

nil 
trace 

nil 
8-89 
6-40 


10-23 
35-93 
trace 

0-11 
36-50 
12-20 

0-53 

1-41 
trace 

nil 

nn 

ml 
nil 
2-76 
0-33 


Best  Ore. 


1-88 

62-43 

4-75 

0-28 

1019 

8-40 

2-80 

0-59 

nil 

nil 

trace 


8-48 


10000 


100-00 


25-15 


99-80 


47-40 


The  iron  ore  and  "bauxite "  deposits  worked  by  the  Irish  Hill 
Mining  Company  at  their  Irish  Hill  and  Straid  Mines,  situated 
near  Ballyclare,  possess  some  interesting  features;  they  were 
discovered  some  6  or  6  years  since  by  Mr.  Alexander  Sutherland.* 
The  bauxite  is  believed  to  be  the  largest  deposit  of  that  ore 
hitherto  discovered  in  this  country.  The  rocks  of  the  surround- 
ing district  are  basalt,  trap,  and  porphyry.  The  iron  ore  exists 
in  conformable  strata,  not  unfrequently  with  very  little  rise  or 
dip,  and  the  best  qualities  are  found  close  to  the  basalt  which 
forms  the  roof  of  the  level  drifts  and  workings  in  the  above- 
named  mines.  The  strata  containing  the  iron  ore  is  divided  into 
three  distinct  layers  or  seams ;  the  first,  nearest  the  roof  or  base 
of  the  basalt,  is  from  1  to  2  feet  6  inches  thick  of  pisolitic  ore, 
containing  60  per  cent,  of  peroxide  of  iron.  The  second  seam 
beneath  the  first,  is  8  feet  thick,  and  contains  40  per  cent,  of 
peroxide ;  the  third  or  lowest  seam  in  the  series  is  lithomarge, 
which  is  often  20  feet  deep,  containing  at  its  top  (or  junction 
with  the  base  of  the  second)  from  20  to  80  per  cent,  of  peroxide 
of  iron,  which,  however,  is  found  to  gradually  diminish  in  per- 
centage towards  the  bottom  of  the  seam. 

*  Who  has  kindly  furnished  the  following  description  and  analyses  of  the  iron 
ore  and  bauxite  deposits. 
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The  lithological  characteristics  of  these  ores  are  thus  referred 
to  : — First  ore,  rich  red  coloured,  often  purple,  in  which  are  em- 
bedded nodules  of  peroxide  and  magnetic  oxide  of  iron,  varying  in 
size  from  a  pin's  head  to  that  of  a  hazel  nut ;  the  smaller  nodules 
when  rubbed  with  a  file  are  said  to  present  the  same  appearance 
as  cast-iron  under  the  same  process.  In  some  cases  the  upper 
seam  is  dark  brown  in  colour,  especially  when  disturbed  by 
basaltic  or  trap  dykes,  which  are  frequently  met  with.  The  ore 
is  then  found  to  consist  of  loosely  aggregated  particles,  having  a 
bright  metallic  lustre,  the  nodules  being  invariably  small  and 
highly  magnetic. 

The  second  seam  also  possesses  a  considerable  quantity  of 
nodules ;  these,  however,  are  poor  in  iron,  and  often  so  soft  as 
to  be  easily  cut  with  a  knife,  the  surrounding  ore  or  matrix  being 
much  lighter  and  softer  than  the  first  or  upper  seam. 

The  third  or  lithomarge  seam  never  contains  any  nodules,  is 
homogeneous  throughout,  for  the  greater  part  of  its  depth ; 
it  is  of  a  fine  brick-red  colour,  easily  cut  with  a  knife,  friable, 
breaking  into  small  pieces  on  exposure  to  the  air ;  near  its  base, 
however,  it  becomes  lighter  in  colour,  ultimately  changing  to  a 
purple,  and  often  presenting  a  very  beautiful  appearance,  liie  purple 
being  often  speckled  with  small  red  and  white  coloured  spots. 

Analysis  of  the  ore  of  the  first  and  second  seams,  made  b}*- 
Mr.  John  Pattinson  of  Newcastle-on-Tyne,  gives  the  following 
results : — 

Analysis  Made  ox  Sample  Dbied  at  212^  Faiir. 


Constituents. 

First  Ore. 

Second  Ore. 

Peroxide  of  iron 
Protoxide  of  iron . 
Protoxide  of  manganese  . 

Alumina 

Lime        ..... 

Magnesia 

Titanic  aoid      .... 

SiUca 

Sulphur    .        . 

Phosphoric  acid   .        .        .     . 

Combined  water 

Moisture 

53-50 
0-70 

trace 

18-67 
0-48 
0-58 
4-00 

11-80 

na 

trace 
5-50 
5-10 

41-85 

0-25 
trace 
3M0 

2-55 

0-48 

3-60 

9-67       i 

003 
trace 
10-37 

•  ■  • 

100-33 

99-90 

Metallic  iron    .... 

38-00 

29-50 

3  D  2 


772  COAL   AND  IRON  INDUSTRIES.  [part  rr. 

These  ores  have  been  employed  in  the  works  of  the  Ditton 
Brook  Iron  Co.  Limited,  near  Warrington,  with  very  satisfactory 
results,  in  making,  in  admixture  with  other  ores,  the  higher  classes* 
of  pig  iron  for  Bessemer  steel  making. 

The  bauxite  deposits  worked  at  Irish  Hill  are  found  taking 
exactly  the  place  of  the  first  or  pii^olitic  iron  ore  seam  previously- 
referred  to,  and  like  it,  also,  having  basalt  overl}dng  it  What  ha& 
been  said  as  to  the  disposition  of  the  iron  ore,  is  true  also  regard- 
ing that  of  the  bauxite,  except  that  the  order  is  entirely  reversed, 
the  best  bauxite,  i.e.,  containing  the  least  amount  of  iron,  is 
found  on  the  top  of  the  strata,  or  at  the  base  of  the  basalt,  and 
the  greatest  amount  of  iron  exists  at  the  bottom  of  the  strata,  in 
fact  the  iron  gradually  increases  in  depth. 

The  total  depth  of  the  bauxite  strata  has  not  hitherto  been 
ascertained.  The  best,  or  that  containing  under  1  per  cent,  of 
iron,  may  be  represented  as  averaging  some  8  feet  thick,  indeed, 
it  is  never  under  2  feet,  and  often  varies  firom  5  to  6  feet  thick ;: 
beneath  this  is  the  second  quality  containing  from  4  to  5  per  cent, 
of  iron ;  the  third  or  lowest  containing  from  12  to  15  per  cent,  of 
iron,  with  about  the  same  percentage  of  titanic  acid.  It  is  stated 
that  the  bauxite  is  most  compact  next  the  roof,  and  is  occasion- 
ally found  fractured  into  innumerable  cubes. 

The  only  division  existing  between  the  bauxite  and  the  basalt 
is  a  thin  seam,  varying  from  a  film  to  2  or  3  inches,  and  com- 
posed  chiefly  of  decomposed  basalt,  and  sometimes  organic  matter 
similar  to  lignite,  but  much  softer.  Mr.  Sutherland,  in  conclu- 
sion, adds,  ^'  that  it  must  be  borne  in  mind  that  the  basalt  in 
juxtaposition  shows  no  symptoms  of  deterioration.  There  is  a 
decided  parting  between  the  first  and  second  and  also  the  third 
seams.  No  substance  intervenes  to  effect  this  parting,  which  is 
somewhat  similar  to  that  existing  in  limestones,  but  not  so  clearly 
delineated  as  in  limestone  partings."  The  bauxite  deposits  are 
invariably  associated  with  lignite,  and  in  some  cases  lignite  occurs 
above  and  below.  The  lignite  often  exists  in  seams,  and  exhibits 
very  distinct  parallel,  polished  strise,  or  slickensides ;  which  i& 
most  interesting,  as  they  denote  the  movements  by  disturbance 
to  which  the  locality  has  been  affected. 

The  three  varieties  of  bauxite  above  referred  to,  have  been 
examined  by  Mr.  John  Pattison,  of  Newcastle-on-Tyne,  with  the 
following  restdts :— 
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Analyses  of  the  Sakfles  D&ied  at  212''  Fahb. 


Constituent!! 


Alumina  . 
Peroxide  of  iron 
Lime 
Magnesia 
Potash 
Soda    . 
Silica 

Titanic  add 
Sulpliuric  acid  . 
Phosphoric  acid 
Combined  water 


First  quality. 

53-83 
1'57 
0-62 
0-13 
0-01 
none 
8-67 
5-80 
007 
trace 

29-27 

99-97 


Second  quality. 


Third  quality. 


52-00 

46-13 

4-57 

15-14 

0-79 

0-18 

0-20 

0-26 

0-02 

004 

006 

0-24 

1200 

10-40 

6-20 

4-20 

0'07 

0-10 

trace 

trace 

24-00 

23-39 

99-91 


100*08 


The  amounts  of  moisture  lost  by  drying  at  212''  Fahr.  were  as 
follows : — 

First  quality 7*50  per  cent. 

Second  quauty 0*90       „ 

Third  quality 0*85       „ 

The  following  is  the  composition  of  the  three  samples  in  the 
condition  in  which  they  were  received : — 


Constituents. 

First  quality. 

Second  qiuUity. 

Tliird  quality. 

Alumina 

49*80 

51-53 

45-74 

,  Peroxide  of  iron  .        .        .     . 

1-45 

4-53 

15-01 

Lime 

0-57 

0-78 

0-18 

1  Magnesia 

0*12 

0-20 

0-26 

Potash 

0-01 

002 

004 

Soda 

none 

0-06 

0-24 

Silica 

8-02 

11-89 

10-31 

Titanic  acid 

5-37 

614 

4*16 

Sulphuric  acid .... 

0-06 

0-07 

0*10 

Phosphoric  acid   .        ... 
(}omDined  water 

trace 

trace 

trace 

27-07 

23-79 

23*19 

Moisture 

7-50 

0-90 

0*85 

99*97 

99-91 

100*08 

ZroB  Ore  Heposits  of  the  County  WioUow. — Deposits  of  iron 
ore  have  been  recently  wrought  to  some  extent  at  Kilbride,  in  the 
county  Wicklow,  of  the  variety  known  as  magnetic  oxide.  Mr. 
Tichbome  has  examined  these  deposits,  and  in  a  paper  read 
before  the  Eoyal  Geological  Society  of  Ireland,  in  November,  1876, 
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he  describes  the  ore  "  as  formiDg  a  vein  certainly  two  miles,  and, 
according  to  indications,  three  miles  long ;  with  a  width  varying 
to  6  feet  in  some  parts,  and  a  supply  reported  to  be  very  ex- 
tensive. Specimens  of  the  ore  from  the  surface  submitted  for 
examination  were  a  loose  friable  sand,  more  or  less  spongy,  but 
perfectly  free  from  organic  remains.  As  the  vein  was  pursued  in 
a  vertical  direction,  it  became  more  compact,  imtil  a  dense  ore 
with  a  specific  gravity  of  4*37  was  arrived  at.  The  sUica,  which 
in  large  quantities  made  magnetic  ore  useless  for  smelting,  is 
extremely  low  in  this  ore."  Iron  ore  also  occurs,  and  is  \sTought 
in  this  county  at  the  Cronebane  and  Ballymurtagh  mines. 

Iron  Ore  Deponts  of  the  Counties  of  Longford  and  Cavan. — 
Professor  Hull,  F.R.S.,  gives  the  following  interesting  particulars 
respecting  the  hematitic  ores  of  the  counties  of  Longford  and 
Cavan.  '^  The  lower  silurian  rocks  were  known  for  some  years 
past  to  have  possessed  such  ores,  but  untU  railways  com- 
municating with  shipping  ports  were  constructed  there  was  little 
prospect  of  these  ores  being  turned  to  profitable  account.  This 
obstacle  has  been  overcome,  and  the  hematite  ores  are  now  sent 
by  the  Midland  and  North- Western  lines  to  Dublin  and  Dimdalk, 
where  they  are  shipped  to  the  iron  furnaces  of  the  north  of 
England  and  Wales.  These  ores  are  known  to  exist  in  at  least 
four  localities,  three  of  which  lie  in  the  district  between  Granard 
and  Carrick  on  Shannon,  and  another  in  the  district  between 
Cavan  and  Ballybay." 

Another  district  examined  by  Professor  Hull  at  Red  Hills,  in 
the  neighbourhood  of  Belturbet,  in  the  county  Cavan,  is  now  in 
process  of  development.  Here  the  ore  has  been  traced  at  intervals 
in  a  S.W.  and  N.E.  direction  for  a  distance  of  about  six  miles, 
following  the  strike  of  the  silurian  rocks  from  BaUyhaise  through 
Red  Hills  to  the  groimds  of  Scott's  house,  the  residence  of  Mr. 
Madden.  Whether  it  is  perfectly  continuous  throughout  this 
distance  is  imcertain,  as  the  strata  are  frequently  concealed  by 
boulder  clay,  but  in  any  case  the  quantity  of  ore  must  be  very 
large.  On  the  property  of  the  Rev.  E.  B.  Whyte  Venables  at 
Red  HiUs  the  ore  is  wrought  and  conveyed  by  canal  and  rail  to 
the  port  of  Dundalk,  where  it  is  shipped  to  Lancashire,  Cumber- 
land, and  North  Wales. 

The  hill  on  which  the  principal  excavations  are  in  progress 
shows  the  following  approximate  section  of  the  strata  : — 
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About  60  feet 
'  in  thickness. 


1.  At  the  top, — Siliceous  hematite,  sometinies  pass- 

ing  into  green  jasper  (only  locally  workable) 

2.  Best  Ore, — Dark  fissile  brown  hematite  about 

12  feet  in  thickness        ..... 

8.  Inferior  quality, — Siliceous  brown  hematite,  ir- 
regularly accumulated,  passing  into  jaspery 
rock 

4.  Reddish  shales  of  considerable  thickness,  sunk  \  f,g.  /.   x 
through  in  a  pit  for  80  feet   .        .        .     .  J  ^  '®®^' 

In  appearance  the  ore  when  opened  out  seems  almost  devoid 
of  definite  arrangement  or  structure^  and  it  is  only  when  in 
contact  with  beds  of  shale  or  grit  that  it  can  be  observed  to 
coincide  approximately  with  the  bedding  of  the  rock.  It  there- 
fore does  not  occur  in  a  lode  or  vein  traversing  the  strata  in  a 
higlily  inclined  position,  but  rather  in  the  form  of  lenticular 
beds  of  extreme  irregularity;  the  ore  itself  is  split  up  by  in- 
numerable planes  of  jointage,  or  false  cleavage,  traversing  the 
mass  in  various  directions. 

An  analysis  of  the  Bed  Hills  ore  by  Mr.  John  Cameron,  F.C.S., 
of  Askham-in-Fumess,  for  the  Bed  Hills  Mining  Company,  shows 
that  the  ore  is  well  suited  for  the  manufacture  of  Bessemer  steel, 
phosphorus  and  sulphur  being  entirely  absent : — 

Analysis  of  Bed  Hnxs  Iron  Ohe. 

Peroxide  of  iron o7'57 

Peroxide  of  manganese traces 

Protoxide 6*20 

Alumina 8*93 

Carbonate  of  limo 0-50 

SiUca 22-80 

Water  of  combination 3*00 

Soluble  matter 1-00 


Total 100;00 

Amount  of  metallic  iron  40*30  per  cent. 

Ireland :  Froduction  of  Iron  Ore. — Brown  hematite  has  been 
raised  in  considerable  quantity  in  the  county  Wicklow  at  the 
Ballymurtagh  and  Cronebane  mines,  where  also  copper  ore  and 
pyrites  are  obtained.  In  the  former  mine  the  iron  ore  is  found 
occurring  in  the  North  Pyrites  lode.  This  lode  is  composed  of  iron 
ore  to  a  depth  of  some  16  fathoms  from  the  surface,  when  it 
passes  into  the  ordinary  pyrites  of  the  neighbourhood.  Iron 
ore  was  first  raised  about  Uie  year  1856,  but  the  earliest  return 
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met  with  is  for  the  year  1868,  since  which  year  iron  ore  has  been 
sold  in  the  following  quantities,  giving  an  average  price  of  129. 
per  ton  at  port  of  shipment,  the  ore  yielding  of  metallic  iron  from 
46  to  60  per  cent. : — 


BALLTHURTAOn  IrON  OrE. 


Year. 

Qaantities. 

Value. 

Year. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

1863 

6,286 

2,200 

1872 

9,978 

8,890 

1864 

25,816 

7,744 

1873 

•  *  • 

•  *  • 

1865 

5,136 

1,798 

1874 

16,433 

16,411 

1866 

4,850 

1,455 

1875 

6,663 

3,331 

1867 

5,500 

1,512 

1876 

56 

29 

1868 

12,500 

2,968 

1877 

2,778 

1,529 

1869 

7,000 

1,750 

1878 

1,100 

610 

1870 

8,250 

2,062 

1879 

100 

65 

1871 

9,860 

4,930 

1880 

4,002 

2,502 

At  Cronehane  the  hrown  hematite  or  limonite  is  found  occurring 
as  a  gossan  on  the  hacks  of  the  mineral  veins,  and  is  generally 
found  near  the  surface,  continuing  in  depth  about  8  fathoms.  The 
greatest  depth  at  which  it  has  been  reached  is  25  fathoms,  its 
breadth  varying  from  a  few  inches  (where  the  vein  is  filled  with 
flookan,  more  or  less  impregnated  with  oxide  of  iron)  to  6 
fathoms,  and  would  average  about  two  fathoms.  The  gossan  rests 
upon  decomposed  clay  slate  and  pyrites,  which  becomes  firmer 
and  harder  in  depth,  and  in  which  black  oxide  of  copper  occurs 
disseminated  throughout  the  mass  in  every  direction. 

The  quantities  and  value  of  iron  ore  produced  in  each  year 
since  1872  are  as  follows : — 


Year. 

Quantities. 

Value. 

Tons. 

£ 

;        1872 

2,155 

1,239 

1873 

4,143 

2,485 

1874 

27 

21 

1875 

1,324 

662 

The  character  of  the  Cronebane  ore  will  appear  in  its  average 
value  per  ton,  which  at  the  port  of  shipment  in  1878  was  12;.,  re* 
ceding  to  10«.  in  the  year  1875,  since  which  date  the  working  of 
the  iron  ore  has  been  in  abeyance. 


•  No  letum. 
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Before  proceeding  to  summarise  the  total  output  of  iron  ore 
raised  from  the  mines  in  Ireland,  which  is  steadily  increasinp:,  it 
will  afford  some  interest  to  note  in  detail  the  quantities  and  values 
of  the  ores  of  a  few  of  the  more  important  mines,  which  are  as 
follows : — 

Antrim  Iron  Ore  Company's  Mines. 


Year. 

Quantities. 

Value. 

Year. 

QuantitieM. 

Value. 

TOUH. 

£ 

Tons. 

£ 

1871 

37,000 

16,650 

1876 

30,812 

13,865 

1872 

40,048 

20.024 

1877 

40,835 

24,659 

1873 

38,522 

19,261 

1878 

50,700 

26,957 

1874 

37,719 

33,947 

1879 

54,193 

26,316 

187o 

29,060 

21,975 

1880 

68,660 

31,038 

In  the  year  1871  the  average  price  of  these  ores  ivas  9«.  per 
^on ;  four  years  later  18«.  per  ton  was  realised,  since  which  date 
prices  have  diminished,  till  in  1879  the  average  was  IOj^.  per  ton, 
F.  O.  B.  at  port  of  shipment,  and  in  1880  of  the  ahove  quantity 
^2,000  sold  at  lOs.  per  ton,  the  remainder  at  6a.  per  ton. 

The  Glenravel  mines,  situated  at  Slieve-an-nee,  also  in  the 
county  Antrim,  and  worked  by  Messrs.  John  Fisher  &  Co.,  pro- 
duced ore  in  the  following  quantities  and  value  in  each  year  since 
1870  :— 

Qlenravel  Mines. 


Year. 

Quantities. 

Value. 

Year. 

1 

Quantitieff. 

Value. 

Tona. 

£ 

1 

TUUB. 

£ 

1870 

15,000 

•  •  • 

1876 

14,403 

7,921 

1871 

20,000 

18,000 

1877 

18,367 

10,102 

1872 

23,605 

21,243 

1878 

16,770 

8,385 

1873 

24,699 

22,158 

1879 

15,961 

7,980 

1874 

21,791 

19,611 

1880 

43,043 

10,761 

1875 

16,896 

12,516 

The  Newton  Crommelin  Mines,  producing  brown  hematite,  the 
Irish  Hill  and  Straid  Mines  bauxite,  and  the  Island  Magee 
Mines  bole  and  lithomarge,  the  latter  belonging  to  the  Irish  Hill 
Mining  Co.,  produced  ore  in  the  following  quantities  and  value  in 
each  year  since  1870 : — 
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Year. 

Xewton  Crommelin. 

Irish  Hill,  Banxito. 

Island  Magee. 

Tom. 

Tons. 

Tods. 

1873 

5,815 

■  •  • 

• .  • 

1874 

•  •  • 

2,000 

6,450 

1875 

■  «  • 

•  ■  • 

1.200 

1876 

6,786 

594 

9,000 

1877 

26,842 

2.763 

•  •  • 

1878 

32,142 

3,426 

3.683 

1879 

30,715 

3,657 

2,^15 

1880 

22,500 

2,470 

4,403 

In  the  last-named  year  the  Newton  Crommelin  ore  averaged 
lOir.  6^.  per  ton ;  bauxite^  20s.  per  ton ;  and  the  Island  Magee 
ores  lOs.  per  ton  at  port  of  shipment. 

Of  the  iron  ore  produced  in  the  county  Antrim  the  great  bulk 
is  exported  from  Belfast,  the  remainder  from  neighbouring  ports 
on  the  coast.  The  quantities  shipped  from  Belfast  were  as 
follows  in  each  of  the  years  named,  a  great  increase  appearing  in 
the  exports  of  1880  over  previous  years : — 


Year.                        Tons. 

1                             1 

Year. 

Tons. 

1870 
1871 
1872 

1873 
1874 

24,835 
14,408 
22,254 
9,768 
33,108 

1876 

1877 
1878 
1879 
1880 

71,215 
96,805 
83,327 
88,071 
122,529 

The  black  band  ironstone  raised  at  Ballycastle  in  the  Antrim 
coal-field,  with  its  value,  in  each  year  since  1858,  appears  as- 
follows : — 


Year. 

Qiuintities. 

Value.          1 

Year. 

Quantities. 

Valne. 

Tons. 

£ 

Tons. 

£ 

1858 

3,600 

1,170 

1869 

26,746 

6,686 

1859 

3,000 

1,100 

1870 

25,000 

6,250 

1863 

15,736 

3,934 

1871 

14,409 

8,644 

1864 

18,763 

4,690 

1872 

30,000 

27,000 

1865 

15,000 

3,750 

1873 

24,835 

22,351 

1866 

9,821 

2,455 

1875 

300 

150 

1867 

17,600 

4,400 

1876 

431 

237 

1868 

17,000 

4,500 

1878 

4,375 

1,187 

The  quantity  raised  in  1880  was  1,051  tons,  of  the  value  of 
^630  12a. 

The  ironstone  is  conveyed  to  Belfast  where  it  is  shipped  ta 
Scotland,  and  from  the  above  returns  it  is  clear  that  in  years 
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Tvhen  the  iron  trade  is  active  the  ironstone  is  in  good  demand, 
commanding  a  high  price.  In  1872  and  1878  the  average  price 
j)er  ton  reached  IBs,,  since  which  date  the  production  shows  a 
falling  off,  also  the  price,  which  in  1880  gives  an  average  of  12a. 
per  ton. 

In  the  annexed  summary  is  given  the  production  of  iron  ore  of 
all  varieties  in  Ireland  since  the  year  1856,  also  its  value,  and  the 
number  of  mines  raising  and  selling  ore  in  each  of  the  same 
years : — 


Year. 

NuTDher  of 
Hiiies. 

Iron  Ore. 

Value. 

Tons. 

£ 

1856 

1 

441 

•  •  • 

1857 

2 

3,000 

•  •  « 

1858 

1 

3,600 

1,170 

1859 

1 

3,000 

1,100 

1860 

3 

107 

43 

1861 

2 

165 

66 

1862 

4 

10,431 

6,038 

1863 

4 

31,673 

11,085 

1864 

4 

60,602 

20,326 

1865 

5 

29.117 

8,202 

1866 

5 

25,525 

5,314 

1867 

7 

42,016 

10,641 

1868 

5 

41,469 

10,492 

1869 

6 

48,804 

12,201 

1870 

8 

77,600 

19,405 

1871 

13 

107,735 

66,043 

1872 

18 

176,500 

158,562 

1873 

15 

138,705 

123,567 

1874 

21 

140,360 

112,089 

1875 

21 

128,602 

91,332 

1876 

20 

116,010 

60,748 

1877 

17 

155,382 

85,427 

1878 

16 

156,834 

74,809 

1879 

18 

155,833 

79.286 

1880 

21 

239,325 

112,812 

The  returns  of  production  given  above,  more  especially  of  late 
years,  indicate  clearly  that  as  a  flux  these  ores  are  becoming 
more  and  more  appreciated  by  the  ironmasters  of  Great  Britain. 
The  ores  are  exported  largely  to  Cumberland,  Lancashire,  South 
Wales  and  Scotland,  Staffordshire,  and  the  Cleveland  district. 
Since  the  year  1876,  it  will  be  seen  that  the  production  has 
increased  nearly  twofold.  In  the  following  statement  is  given 
the  quantities  used  in  the  districts  named  (as  far  as  returns  have 
been  received)  in  each  year  since  1876.     The  quantities  fall  far 
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short  of  the  production  of  the  iron  mines  of  Ireland  in  each  of 
the  same  years  : — 


Year. 

Cumberland. 

Lancashire. 

htouth  Walea. 

Scotland. 

Other  Districts. 

ToU8. 

Toii«. 

Toim. 

Tons. 

Tons. 

1875 

21,119 

28,460 

14,757 

11,500 

52,766 

1876 

16,029 

25,000 

13,913 

11,779 

49,289 

1877 

17,487 

39,804 

19,436 

12,212 

66,443 

1878 

18,633 

38,000 

17,470 

11,480 

71,251 

1879 

20,791 

38,460 

19,800 

10,961 

65,821 

1880 

38,206 

26,093 

25,146 

15,981 

133,899 

The  production  of  the  iron  mines  in  the  year  1880  are  shown 
in  the  following  table,  with  the  values  of  the  several  varieties : — 


Irelaitd. 


No. 


County  and  Name  of  Mine. 


Character  of  Ore.        Quantities. 


Value. 


1 
2 
3 

4 


6 
7 
8 
9 
,10 
11 
I  12 
13 
14 
15 
16 
17 

18 


1 
1 
1 


County  Antrim. 

Auffhalun  (Camlough) 

BaUybaley 

Ballypalady         .... 

Ballycastle 

(  Cargan  and  Parkmore  (Bally-  t 
(     mena)     .        .        .        •    '  •  ) 
Cloughor  and  Glenarift'  .        .    . 
Duneany  (Glarryford) 
Eyishnaoly  and  Gortnagerah  .    . 
Eviahacrow  (Glenrayel) 
Glenarm         ... 
Glenravel  (Slieye-an-nee)   . 

Island  Magee 

Iriah  Hill  and  Straid  (Ballymeuu) 

Knockboy 

Main 

Newton  Crommelin 
Orblereigh  (Poitnish)     .        .    . 
i  Bathkenny   and   Broughahaue  I 
\     (Ballymena)      .        .        .     / 


County  Tyrone. 
Barrow  (Cookstown)    . 

County  Zondofiderry. 
Ballylaggin  (Coleraine) 

County  Wieklou:. 
Ballymurtagh . 


AluminouB  . 

»> 

>»  • 

Black  Band 

Pisolitic 

Aluminous  . 

Brown  Hematite 
Aluminous 
Brown  Hematite 
lithomarge     . 
Bauxite 


Aluminous  . 
Brown  Hematite 

»  j» 

Aluminous 

Total  . 


Brown  Hematite 


Aluminous      .    . 


Brown  Hematite . 


Tons.  Cwts. 

413  0 

3,170  0 

11,446  0 

1,015  0 

24,368    0 

0 
0 
0 
0 
0 
4 
0 
0 
0 
0 
0 
0 


15,862 

5,668 

27,760 

12,500 

16,459 

43,043 

4,403 

2,470 

2,000 

5,391 

22,500 

4,795 

27,-833 


231,132    4 


572    0 


3,617    0 


4,002    0 


Total  of  Ireland 


239,235    4 


£ 


144  11 

1,109  10 

4,006    2 

630  12 

12,184    0 

7,931    0 

2,834    0 

13,880    0 

4,687  10 

4,937  14 

21,526  12 

1,100  15 

2,284  15 

700    0 

2,695  11 

11,250    0 

2,397  10 

13,916  10 


108,216  12 


286  0 
1,808  10 
2,501    5 


112,812    7 


^1 

The  mines  producing  iron  ore  or  in  course  of  development  in 
Ireland  in  1880  appear  in  the  following  list,  with  their  situation, 
proprietor,  or  company,  working  the  same,  and  the  manager : — 


CHAI 

•.  XXII,]              IRON   INDUSTRIES   OF  IRELAND.                         781 

No. 

1 

Nome  of  Mine. 

Situation. 

Name  of  Proprietor  or 
Coni]iany. 

Name  of  Manager  or 
Agent 

ANTRIM. 

1 
2 

Auohalan  . 
Baflybaley   .        .    . 

Carnlougli .    . 

Francis  Ritchie  and  Sons 
»>             »»             »» 

Robert  M'Calmont. 
>»              »» 

3 

Ballymartiii 

••          •    • 

rl                    tt                     «• 

»t              •> 

4 

Ballylaggin  .        .    . 

Coleraine        .  '  Bei\j.  Towusoii 

Thomas  Simmons. 

6 

Cailgan 

Ballymena      .  1  Antrim  Iron  Ore  Co.,  Liin. 

Robert  Browne,  Sec. 

6 

Olenarm       .       .    . 

Glenamx     .    .           ,,           „          u       • 

•  >          If 

7 

Rathkeniiy 

BaUymena                 „           „           „ 

i>           i« 

8 

GlenarifT              .    . 

niiioKA/M.              {  Glenariir  Iron  Ore  and  1     John  Ham,  Sec. 
i^iogneor    .    .          Harbour  Co.,  Lim.  .|    Philip  Ai^al. 

9 

Cloughor  . 

BaUymena                 „           „          „       .        „         „ 

10 

Ballycaatle  .       .    . 

Ballyraoney    .     Oodden  and  McDonald  .     John  James. 
Dunloys  .       .  ,  Duulovs  Iron  Ore  Co.      .  j  Silaa  Evans. 
Garryford  .    .     Wm.  Booden  and  Co.      .     Peter  Hanlon. 

11 

Drumnavoddy  . 

12 

Duneany              .    . 

13 

Elgenay  .        •    -    { 

8^5^?^:}    Knockboy  Mining  Co.     .     Isaac  Ross. 

(Mountcashel  Iron  Ore^ 

14 

Exiahnably  .        .    . 

GarryfoT\l  •    >  \<     Co., Lim. ;  J. F. Row-  > 
,  (    botham,  Sec.         .     1 

Silas  Evans. 

15 

Eviahaerow 

Glenravel             Charles  Chambers  . 

John  Robertson. 
Wm.  Edwards. 

16 

Irish  Hill  and  Btniid 

Ballynure  .    .     Irish  Mill  Mining  Co.      . 

Alexander  Sutlierland. 

17 

Olenravel  . 

Sleive-an-nec  . 

John  Fisher  and  Co.  .    . 

Hugh  Raw. 

18 

Island  Mogee       .    . 

Lame.       .    . 

Francis  Ritchie  and  Sous 

Robert  M'Calmont 

19 

Ballyi>alady 

•1         •       • 

•  •                              •  ■ 

•  ■                              •  ■ 

20 

Knockboy    .        .    . 

Batl^'menn .    . 

Knockboy  Mining  Co.     . 

Isaac  Ross. 

21 

Parkinore . 

,}              . 

Parkmore  Iron  Or©  Co.   . 

Alexander  GiUespif*. 

22 

(  Shanes  and  Aguewn 
(     HiU         ... 

■Lame       .    . 

(  The  Lame  Iron  Mining  1 
1     Go.      .        .       .        ] 

Thomas    Fisher,   En- 
gineer. 

23 

Orblereigh 

Portrush 

Bei\)amin  Townson    .    . 

Thomas  Simmonds. 

24 

Newton  Crommelin  . 

Glenravel   .    . 

B.  D.  Crommelin     . 

James  G.  Carrie k. 

!25 

Maiden  Monnt . 

Carrickfergus . 

M.  Robert  Dal  way,  M.P.  1  James  Hodkinson. 

120 

Main 

1  Portmsh    .    . 

BeAjamin  Townson .       .  1  Thomas  Simmons. 

DOWN. 

1     Deehomed 

[BaUynahinch.    { ^ShSin^  ^.""  • '"" }    ^as.  C.  Greer. 
WICKLOW. 

1 

Cronehane.  .       .    . 

Ovooa        .    . 

f  Associated  Irish  Mines 
1     Co.         ... 

Geo.  Gates. 

2 

Ballymnrtagh  . 

II          •       • 

(The   Wicklow   Copper 
I     Mines  Co.   . 

John  Hodgi*. 

TYRONE. 

1 

1 

Borrow         ,        .    . 

'  o^i,»*«.. ..        I  i  The  Barrow,  Hematite  \    William  Kellett. 
Cookstowu     .  ■■}     ^^    Limited  .        .     f 

Iffaimflictnre  of  Pig  Zron. — It  appears  from  the  "  Geological 
and  Mining  Survey  of  the  Connaught  Coal-field  "  published  in  the 
year  1818^*  that  at  an  early  period  the  number  and  richness  of 
the  beds  of  ironstone  in  the  Connaught  coal  district  attracted  the 
attention  of  Irish  speculators,  resulting  in  the  establishment  of 
works  on  a  small  scale  called  bloomeries,  carried  on  in  various 
parts  of  the  adjoining  country  as  long  as  wood  remained  to  supply 
them  with  charcoal.  At  the  time  referred  to,  no  coal  had  been 
discovered,  and  if  it  had  been,  the  process  of  making  pig  iron 
from  pit  coal  was  then,  though  partially  known,  not  practised 
even  in  England. 

*  By  Sir  Bichard  Griffith. 
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The  ironworks  of  Drumshambo  were  the  last  that  continued  to 
work;  they  were  given  up  about  the  year  1765.  These  works 
were  situated  at  the  southern  extremity  of  Lough  Allen,  in  the 
county  of  Leitrim,  a  quarter  of  a  mile  west  of  the  village  of 
Drumshambo.  The  locality  selected  possessed  much  interest; 
the  works  were  built  upon  a  limestone  rock,  distant  about  a 
quarter  of  a  mile  from  the  coal  country.  The  situation  was  par- 
ticularly favourable  for  making  iron  at  a  cheap  rate.  The  iron- 
stone was  chiefly  collected  from  the  eastern  shore  of  Lough  Allen , 
and  in  the  beds  of  the  precipitous  streams  which  descend  from 
the  Slieve-a-Nierin  mountains  to  the  lake. 

The  appearance  of  trivial  workings,  made  in  search  of  the 
ironstone,  are  stiU  visible  along  the  borders  of  these  streams. 
The  ironstone  when  collected  was  conveyed  by  boats  to  the 
works,  and  charcoal  from  the  vast  woods  which  at  one  time 
flourished  in  all  the  valleys,  was  carried  by  the  same  means. 
Limestone,  the  only  remaining  ingredient  for  smelting  iron,  was 
quanied  close  to  tjie  works.  Judging  from  the  accounts  given  by 
the  oldest  inhabitants,  and  the  remains  stiU  visible,  the  Drum- 
shambo ironworks  appear  to  have  consisted  of  one  blast  furnace 
3  feet  square  in  the  interior,  and  about  18  or  20  feet  high.  Large 
heaps  of  ironstone  of  excellent  quality  still  remain  at  the  works. 
It  is  much  superior  to  that  used  at  the  more  modem  Arigna 
ironworks.  The  smelted  iron  from  the  Drumshambo  works  was 
carried  to  the  neighbouring  village,  where  it  was  forged  into 
bars. 

The  Arigna  ironworks  were  commenced  about  the  year  1788 
by  three  brothers  of  the  name  of  O'Reilly.  At  that  time  the 
practicability  of  smelting  iron  with  pit  coal  or  coke  instead  of 
charcoal  was  well  known  and  long  practised  in  England  and 
Scotland  with  great  advantages  to  the  adventurers.  In  the  same 
year  in  which  the  Arigna  works  were  commenced  there  were  58 
blast  furnaces  in  England  and  Wales,  and  6  in  Scotland,  the 
annual  produce  amounting  to  58,800  tons  of  pig  iron. 

The  Arigna  works,  situated  on  the  west  side  of  the  river  Arigna, 
about  one  mile  from  Lough  Allen,  were  the  only  works  hitherto 
erected  in  Ireland  to  smelt  iron  with  coal,  and  have  therefore 
attracted  much  attention.  The  works  as  first  constructed  were 
divided  into  two  distinct  parts,  the  upper  and  lower  works.  The 
iron  was  smelted  and  all  the  eastiDgs  were  made  in  the  upper 
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works,  and  the  lower  were  confined  to  rendering  cast-iron 
malleable,  forming  it  into  bars,  &c. 

The  upper  works,  in  the  beginning  of  the  century,  when  re- 
ported upon  by  Mr.  John  Grieve,  "  consisted  of  a  blast  furnace 
44  feet  high  and  12  feet  wide  in  the  boshes ;  the  furnace  bank 
descending  to  the  bridge-house  and  tunnel  head;  so  that  the 
materials  were  thrown  into  the  furnace  out  of  wheelbarrows.  An 
overshot  wheel  of  27  feet  diameter  furnished  the  necessary  blast 
for  this  furnace,  and  also  worked  a  very  good  boring  mill.  There 
was  also  a  foundry  with  a  cupola  furnace." 

The  lower  works,  according  to  the  same  report, "  originally  con- 
sisted of  a  forge  with  a  refining  hearth,  worked  by  an  overshot 
water-wheel  16  feet  in  diameter,  with  8  cranks  on  its  aids,  work- 
ing 8  cylinder  bellows,  each  80  inches  in  diameter,  a  mumbling 
hammer,  about  8  tons  weight,  worked  by  an  overshot  water- 
wheel  18  feet  in  diameter,  and  4  feet  8  inches  broad,  with  air 
furnaces,  &c.  &c.,  for  puddling.  A  slitting  mill  with  two  over- 
shot water-wheels  of  20  feet  in  diameter  and  4^  broad.  The 
rollers  and  cutters  were  each  18  inches  in  diameter.  About  the 
time  the  late  Sir  Bichard  Griffith  wrote  (1818),  these  lower  works 
were  in  such  a  ruinous  state,  that  nothing  but  the  stones,  and 
some  iron  materials  which  remain,  can  ever  be  converted  to  any 
use."  * 

At  the  period  referred  to,  the  estimated  cost  of  making  a  ton 
of  pig  iron,  calculated  firom  the  cost  of  the  different  materials 
delivered  at  the  works,  is  given  as  follows  : — 

£    t.  d. 

Fiye  tons  of  raw  ooal  at  4«.  per  ton 10  0 

Pour  tons  of  ironstone  at  5a.  per  ton 10  0 

One  ton  of  limestone 0    2  0 

Expense  of  ookeing,  roasting  the  ore,  labour,  &c.        .     .    0  10  0 

Contingencies  at  20  per  cent 0  10  5 

Total  cost  of  a  ton  of  pig  iron    ..326 

In  the  year  1804,  Mr.  Thomas  Guest,  of  tlie  Dowlais  Iron- 
works in  Glamorganshire,  reported  upon  the  condition  of  the 
Arigna  Ironworks,  and  estimated  the  cost  of  production  as 
follows.  He  considered  that  the  coal  of  the  Aughabehy  and 
Bover  collieries  could  be  delivered  at  6s.  4d.  per  ton,  and  that 

*  "  Geological  and  Mining  Sorvej,"  Connaught  Coal-field,  1818,  pp.  63,  65. 
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the  ironstone,  the  greater  part  of  which  must  he  raised  on  the 
eastern  side  of  Lough  Allen,  would  ultimately  cost  6$.  per  ton^ 
and  the  limestone  4«. ;  therefore  : — 

Five  tons  raw  coal,  atGs.  4d 

Four  tons  ironstone,  at  6« 

One  ton  limestone,  4^ 

Labour,  lOa.. 

Bent,  wear  and  tear,  and  other  incidental  expenses . 


£ 

t. 

d. 

1 

11 

» 

1 

4 

0 

0 

4 

0 

0 

10 

0 

1 

5 

4 

Total,  per  ton 4  15    0 

At  a  more  recent  date,  in  1827,  when  Mr.  Twigg  reported  to 
the  directors  of  the  Arigna  Company,  the  result  of  his  investiga- 
tions led  to  an  estimate  being  made  of  the  cost  of  manufacture- 
of  iron,  which  was  as  follows : — * 

£     9.    d. 

Five  and  a  half  tons  of  raw  coal,  at  7«.  10(2.      .        .        .231 
Three  tons  four  cwts.  of  ironstone,  at  4j?.  10<2.       .        .    .    0  15    5" 

One  ton  of  limestone,  at  3a 0    3    0- 

Workmen's  wages,  &c. 0  13    3 

Ck)8t  of  engine,  slack,  agency,  &o 0  11    O 

Total 4    5    9 

If  limestone  be  supplied  by  railway  deduct  Is,  1  Id.  per  ton    0    111 

Final  cost  of  a  ton  of  No.  1  Pig i__l  ^^ 

Sir  E.  Kane  remarks  generally  upon  the  above  estimate  that  it 
is  too  high,  and  adduces  very  good  reasons,  inasmuch  as  the  best 
coal  of  the  district,  the  Aughabehy,  was  then  selling  at  %$.  4d^ 
per  ton,  and  the  coal  of  the  Rover  colliery  at  4a.  9d.  per  ton.  In 
the  same  way  the  ironstone  is  undervalued  in  its  contents  of 
metallic  iron,  30  per  cent,  being  taken ;  whereas  the  average  con- 
tained is  fully  40  per  cent.,  which,  at  4:8.  lOd,,  would  cost  but  12s.  Id., 
but  two  tons  and  a  half  being  required.  One  point  is  quite  clear 
that  all  the  necessary  materials  for  the  manufacture  of  pig  iron 
are  found  in  the  Arigna  district  in  abundance. 

About  the  year  1856,  towards  its  close,  the  works  at  Arigna 
appear  to  have  been  re-opened,  and  the  manufacture  of  pig  iron 
again  carried  on ;  in  the  year  1857  it  is  recorded  that  1,000  tons 
of  pig  iron  were  produced  by  the  single  blast  furnace  then  in 
operation.  Soon  afterwards  the  works  appear  to  have  been  closed^ 
and  subsequently  abandoned. 

*  "  Industrial  Besources  of  Ireland,'*  2nd  edition,  1845,  p.  147. 
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Spain,  especially  rich  in  her  deposits  of  ironstone,  furnishes 
large  supplies  to  Great  Britain ;  indeed,  the  deposits  may  be 
said  to  be  almost  inexhaustible.  In  the  early  part  of  the  past 
decade  the  unsettled  condition  of  affairs  in  that  kingdom  greatly 
retarded  the  development  of  this  important  industry.  In  recent 
years,  however,  a  more  prosperous  condition  appears ;  thus  in 
1860  the  total  imports  of  iron  ore  into  the  ports  of  the  United 
Kingdom  did  not  exceed  20,642  tons,  while  in  the  year  1870, 
when  the  industry  was  assuming  importance,  the  quantities 
received  in  this  country  had  increased  to  179,083  tons,  showing 
an  increase  four-fold  in  a  period  of  six  years;  yet  ten  years  later 
the  imports  amounted  to  2,278,962  tons. 

The  more  important  deposits  of  iron  ore  are  found  in  the 
carboniferous  limestone,  the  most  extensive  at  Bilbao,  near  the 
port  of  the  same  name,  where  at  the  Somorrostro  mines  upwards 
of  1,000  tons  ai*e  daily  raised.  The  other  important  deposits 
yielding  valuable  ores,  are  situated  near  Carthagena,  Catalonia, 
Granada,  and  Santander. 

In  referring  generally  to  these  valuable  ores  of  iron,  it  will  be 
interesting  to  give  a  brief  account  of  the  more  important  deposits, 
now  so  extensively  worked  at  Somorrostro.* 

^'  The  Somorrostro  ironstone  district,  which  is  situated  north- 
west of  Bilbao,  is  the  principal  seat  of  the  industry.  The  centre 
of  the  district  is  about  7i  miles  from  Bilbao,  and  about  the 
same  distance  from  the  shipping  place  on  the  River  Nervion, 
between  Bilbao  and  the  sea.     The  known  deposits  of  iron  ore 

*  Abstract  of  a  paper  by  E.  Bourson,  **  On  the  Somorrostro  Mines.** 

3  B 
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occur  here  and  there  over  a  large  area,  some  deposits  being 
found  quite  near  to  Bilbao,  and  others  19  miles  north-west  of  it 
The  principal  mass  is  about  2^  miles  in  length  by  1^  mile  in 
width ;  its  thickness  has  not  yet  been  proved,  but  the  workings 
have  been  carried  down  to  the  depth  of  246  feet  in  some  places, 
and  105  feet  in  others.  The  ore  is  chiefly  brown  hematite,  in- 
terspersed with  blocks  of  unaltered  spathic  ore.  It  contains  in 
the  undried  state  from  50  to  64  per  cent,  of  metallic  iron,  about 
1  per  cent,  of  manganese,  but  only  a  fractional  percentage  of 
sulphur  and  phosphorus."  In  all  the  localities  wrought,  the  ore 
crops  out  to  the  siirface,  and  it  is  consequently  obtained  from 
open  workings,  blasting  being  generally  employed. 

The  conveyance  of  the  ore  from  the  mines  to  the  railways  is 
either  in  carts  drawn  by  oxen  or  by  wire  tramways,  and  afterwards 
by  rail  to  the  shipping  places.  Two  systems  of  conveyance  by 
wire-rope  are  used — Hodgson's  and  Bleichert's.  The  arrange- 
ment by  Bleichert  has  more  recently  been  introduced ;  the  main 
ropes  in  it  are  fixed,  serving  as  rails  for  the  trams,  or  tubs  sus- 
pended from  them  to  run  on.  The  trams  are  drawn  by  a  lighter 
running  rope.  The  first  cost  is  greater  with  Bleichert's  than 
with  Hodgson's  system,  but  the  working  cost  is  less,  and  it  is 
capable  of  carrying  twice  the  quantity  per  day.  The  cost  of 
transport  by  Bleichert's  wire-rope  line,  is  about  2'66d.  per  ton 
per  mile.  There  are  five  lines  of  railway  or  wire-rope  lines  con- 
necting the  mines  with  the  shipping  places.  The  waggons  axe 
filled  by  hand,  and  are  so  arranged  as  to  tip  at  the  end  or  bottom. 

The  shipping  stages  are  constructed  of  timber,  the  waggons 
being  run  out  on  them  singly,  then  tipped  into  the  vessels  through 
inclined  spouts,  in  one  case  by  a  vertical  spout,  over  which  the 
bottom  tipping- waggons  discharge.  The  average  cost  of  the  ore 
per  ton  on  board  is  nearly  as  follows : — Quarrying,  1'04«.  per  ton ; 
conveyance  to  railway  by  wire-rope  line,  '378.  per  ton ;  filling 
into  railway  waggons,  carriage  by  rail,  and  transhipping,  1*65«. 
per  ton;  duty,  'lOs.  per  ton;  total,  3*16«.,  or  3s.  2d.  per  ton. 
The  quantity  of  ore  shipped  at  the  harbour  of  Bilbao  in  the  year 
1877  was  964,538  tons,  increased  in  the  year  1878  to  1,224,730 
tons,  of  which  England  received  856,038  tons,  and  Scotland 
47,445  tons. 

Analyses  of  the  Iron  Ores  of  Spain. — At  the  mines  of  San 
Prudencia,  in  the  neighbourhood  of  Bilbao,  the  ore  obtained  in  a 
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nodular  state  from  the  deposit  of  drift  is  known  by  the  name  of 
"  Small,"  while  the  ore  obtained  from  the  deposits  in  the  car- 
boniferous limestone  is  designated  "  Bock  Ore ;  **  of  these 
varieties  and  of  the  rich  hematites  worked  at  the  Campanil  and 
Ollargan  mines,  ores  in  good  demand  and  commanding  a  good 
price,  the  annexed  analyses  give  the  respective  constituents : — 


8AN   PRUDEKCIA. 

CAMPANIL. 

OLLAKOAM. 

ConstitaAnts. 

Small. 

Rock. 

Rock. 

Rock. 

Peroxide  of  iron     . 

71-93 

79-59 

80-06 

7010 

Protoxide  of  iron       .     . 

■  •  • 

•  •  • 

5-42 

•  •  • 

Silica     .... 

9-77 

5-34 

2-00 

13-66 

Manganese                .     . 

1-96 

202 

2-10 

3-65 

Alumina 

4-23 

1-97 

0-40 

6-33 

Lime 

0-08 

trace 

•  •  • 

0-22 

Magnesia 

Carbonic  add    .        .     . 

trace 

trace 

•  •  • 

0-23 

•  •  • 

•  •  • 

3  21 

■  •  • 

Water  and  loss 

Total     .        .    . 
Metallic  iion . 

11-39 

10-81 

6-71 

5-71 

99-35 

99-73 

99-90 

99-90 

30-35 

55-70 

60-25 

54-00 

Other  analyses  of  Bilbao  ores  from  three  different  localities 
show  the  following  results ;  the  analyses  were  made  by  the  late 
Mr.  Willigm  Baker,  of  Shej£eld,  one  of  the  earliest  Associates  of 
the  Royal  School  of  Mines  : — 

Bii^BAo  Ores. 


Constitoents. 

No.  1. 

NO.S. 

No.  8. 

Saica 

5-55 

1-70 

7-65 

Peroxide  of  iron  . 

78-80 

79-20 

7600 

Alumina 

3-50 

;6-80 

5-80 

Protoxide  of  manganese       .     . 

0-651 

2-88 

0-83 

Sulphuric  acid .... 

0-068 

0-62 

0-34 

Lime  and  ma^esia              .    . 

trace 

trace 

trace 

Phosphoric  acid 

none 

none 

none 

Water  combined  . 

Total    .... 
Loss  in  drying     . 

• 

Metallic  iron     .... 

11-653 

9-672 

10128 

100-222 

100-872 

100-748 

0-66 

1-80 

1-60 

55-16 

55-44 

54-20 

The  ores  of  Spain  are  extensively  employed  in  the  furnaces  of 
Durham,  Cleveland,  Lancashire,  and  Cumberland,  also  in  Shef* 
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field,  South  Wales,  and  Scotland.  The  Deseada  ore,  raised  by  the 
Santander  Mining  Company,  yielding  58*66  per  cent,  of  metallic 
iron,  employed  in  some  of  the  Cumberland  furnaces,  gives  the 
following  results  on  analysis  : — 

Results  Tabxtlated. 

Sesqtdoxide  of  iron 

Alamina  .... 

Protoxide  of  manganese 

Lime        .... 

Magnesia 

Silioa        .... 

Titanio  add  . 


83-79 

Brought  forward    . 

.    88-73 

0-45 

Snlphnrio  add  . 

0-31 

0*18 

Sulphur         .        .        .        . 

006 

1-35 

Phoephoric  add        .        .     . 

009 

016 

Carbonic  add 

0-60 

2-80 

Water,  hygroscopic  .        .     . 

1-19 

trace 

„      combined  . 

8-71 

Carried  forward 


.     88-73 


Total 


99-69 


The  ores  raised  by  the  same  company  at  their  Onton  mines 
has  been  examined  by  Dr.  Noad,  F.R.S.  The  five  samples 
examined  give  the  following  results  : — 

Besttlts  Tabulated. 


Constituents. 

No.  1. 

No.  2. 

No.  3. 

Nai. 

No.  5. 

Water    .... 
Peroxide  of  iron        .     . 
Silica      .... 

Total.        .     . 

Metallic  iron  . 

13-60 
71-43 
14-60 

10-80 

79-50 

9-80 

12-80 

78-70 

8-40 

11-80 
73-60 
14-20 

ll-OO 
78-20 
10-50 

99-63 

100-10 

99-90 

99-60 

99-70 

51-00 

55-65 

5500 

51-06 

55-00 

An  average  of  the  above  gi^ing  58*54  per  cent,  of  metallic  iron. 

Imports  of  Iron  Ore  from  Spain. — ^In  the  following  table  is 
given  the  quantities  and  values  of  these  ores  imported  into  Great 
Britain  since  the  year  1864  : — 


Years. 

Quantities. 

Value. 

Years. 

Quantities. 

Valueu 

Tons. 

£ 

Tons. 

£ 

1859 

25,701 

19,273 

1870 

179,083 

146,747 

1860 

20,542 

13,865 

1871 

302,382 

264,255 

1861 

22,208 

17,423 

1872 

631,134 

705,441 

1862 

33,517 

24,797 

1873 

790,891 

1,000,720 

1863 

38,388 

26,097 

1874 

541,963 

665,614 

1864 

43,927 

32,887 

1875 

250,641 

273,757 

1865 

37,121 

29,476 

1876 

522,383 

556,756 

1866 

27,619 

22,160 

1877 

990,039 

983,566 

1867 

67,356 

54,298 

1878 

1,088,862 

1,021,455 

1868 

88,770 

74,635 

1879 

1,007,617 

981,276 

1869 

99,816 

78,134 

1880 

2,278,962 

2,270,462 
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From  the  foregoing  it  appears,  that  in  the  year  1864,  these 
ores  had  a  value  at  the  port  of  importation  of  nearly  159.  per  ton, 
increased  in  the  year  1878  to  nearly  258.  per  ton,  since  which 
year  a  gradual  falling  off  in  value  appears ;  the  returns  for  the 
year  1880  giving  208.  per  ton. 

Begarding  the  development  of  the  hematite  deposits  of  Spain, 
the  Consular  Eeports,  published  at  the  beginning  of  1880,  are 
of  great  interest  at  the  present  time.  The  English  consul  at 
Bilbao  reported  on  the  iron  ore  trade  of  that  district  in  the 
following  terms  :  *  — "  Considering  the  depressed  state  of  the 
iron  market  during  nearly  the  whole  of  last  year,  it  is  satisfactory 
to  observe  that  the  decrease  in  this  export  was  only  trifling ;  and 
it  may  be  mentioned  that  the  export  during  the  current  year  will 
lai'gely  exceed  the  most  sanguine  expectations  entertained  of  the 
development  of  this  trade,  contracts  having  been  made  for  the 
delivery  of  upwards  of  2,500,000  tons  of  ore  before  the  81st  of 
December  next.  The  average  price  of  the  ore  up  to  October  last 
ruled  from  68.  to  78.  per  ton  free  on  board,  and  at  the  date  of  this 
report  it  is  158.  per  ton  delivered  at  the  loading  wharves.  Freights 
to  England  were  from  78.  to  78.  6d.,  and  iron  ore  from  108.  to 
108. 6d.  (March,  1880),  significant  facts  reflecting  on  the  improve- 
ment in  the  iron  trade  throughout  the  world.  About  three- 
fourths  of  the  ore  continues  as  hitherto  to  be  shipped  to  the 
United  Kingdom."  The  total  exports  of  iron  ore  from  the  port 
of  Bilbao  in  the  four  years  ending  1880,  were  as  follows,  the 
average  price  of  the  ore  in  June,  1881,  being  about  Is,  per  ton 
F.O.B.  at  port  of  shipment : — 


Year. 

Quantities.                             Value. 

1877 
1878 
1879 
1880 

Tonn.                  ,                     £ 

964,000          1           771,200 
1,224,000                      979,700 
1,160,248                      870,000 
2,345,598           I 

In  the  following  statement,  from  "  The  Eevista  Minera,"  a 
Spanish  official  return,  appears  the  quantities  of  iron  ore  received 
at  the  several  ports  in  England  and  Scotland  in  the  years  1878 
and  1879  :— 

♦  "  H.  M.  CJonsnlar  Reports  "  for  the  year  1879,  p.  922. 
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Port.s. 

F 

'            1878. 

187P. 

England — 

Cardiff 

Tons. 

Tons. 

295,300 

299,085 

Newport  . 

•     . 

221,041 

219,783 

Middlesborough    . 

133,461 

36,783 

Newcastle 

113,479 

51,771 

Sunderland  . 

48,804 

30,658 

Port  Talbot 

16,094 

30,543 

Swansea 

11,502 

11,528 

Stockton  . 

•  •  • 

2,574 

Maryport 

6,895 

■  •  ■ 

Liverpool . 

5,030 

6,413 

Porthcawl     . 

•  •  a 

1,307 

Briton  Ferry    . 

1,311 

! 

Llanelly 

1,271 

•  •  • 

Workington 

a  •  • 

536 

West  Hartlepool   . 

650 

1,033 

Saltney     . 

639 

244 

Barrow  and  Chester 

•  •  • 

714 

London     . 

302 

•  •  ■ 

Grimsby 

259 

•  •  • 

Scotland — 

' 

Glasgow   . 

40,734 

41,496 

Ardrossan 

4,876 

351      1 

Troon 

1,061 

■  ■  ■ 

Granton 

1           ••• 

480 

Ayr  .... 

636 

•  •  ■ 

Borrowstonness     . 

138 

I 

Grangemouth  . 

) 

144      ; 

Total    . 

• 

903,483 

735,443      ; 

1 

The  quantities  received  in  England  in  1878  amounting  to 
856,038  tons,  and,  in  Scotland  to  47,445  tons,  compared  with 
692,972  tons  and  42,471  tons  in  1879. 

The  bar  at  the  mouth  of  the  River  Nervion  is  a  great  obstruc- 
tion to  navigation ;  practically  it  stops  the  entrance  during  the 
liaK  of  each  month.  Vessels  of  large  draught  can  cross  it  at 
spring  tides  only.  Steamers  drawing  ISJ  to  14  feet  of  water, 
capable  of  carrying  a  cargo  of  1,000  tons,  with  engines  of  120 
horse-power,  are  the  best  adapted  for  the  trade  of  this  port.  The 
freight  of  such  vessels  going  back  in  ballast  from  Bilbao  to  Calais 
or  Rotterdam  is  about  Is,  6d.  per  ton. 

Portugal. — In  this  kingdom  iron  ore  exists  in  abundance  iu 
nearly  all  the  provinces ;  some  of  these  ores  are  known  to  be  rich 
in  manganese,  and  are  likely  by-and-by  to  attract  attention.  The 
granitic  rocks  and  metamorphic  schists  contain  lodes  of  magnetite 
or  magnetic  oxide  of  iron ;  one  of  the  most  impoi*tant  of  these  is 
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that  in  the  Serra  dos  Monges,  in  the  province  of  Alentejo^ 
which,  on  account  of  its  proximity  to  the  railway  from  Evora  to 
Lisbon,  is  well  situated  for  exploration  on  a  large  scale ;  other 
remarkable  lodes  of  this  ore  occur  at  Villa  Boim,  near  Elvas,  in 
the  same  province,  and  at  Campo  Major,  near  the  Spanish 
frontier.  The  specular  oxide  of  iron,  hematite,  and  spathic 
carbonates  of  iron,  are  also  found  in  Portugal.  At  Moncorvo 
there  are  some  remarkable  lodes  of  oligist  iron  ore,  and  at 
Quadramil,  in  the  province  of  Traz-os-Montes,  a  very  rich  lode, 
containing  brown  hematites  and  hydrated  oxides  of  iron,  is  seen 
to  have  an  extension  of  some  4  or  5  miles,  with  a  breadth  at 
places  of  60  feet. 

Powerful  lodes  of  carbonate  of  iron  are  known  to  exist  in 
various  districts;  one  especially  may  be  mentioned  recently 
discovered  rich  in  manganese  in  the  province  of  Alentejo,  the 
proportion  of  the  manganese  to  the  iron  being  as  three  to  five,  the 
percentage  of  phosphorus  under  a  thousandth  per  cent. ;  the 
earthy  matter  in  this  ore  is  not  more  than  10  per  cent.,  and  is 
composed  of  clay,  with  a  little  carbonate  of  lime,  so  that  it  is 
expected  that  this  ore  will  prove  an  admirable  material  for  the 
production  of  spiegeleisen  or  ferro-manganese.* 

The  annexed  analyses  of  the  iron  ores  raised  at  Monges,  in 
Portugal,  employed  in  the  blast  frimaces  of  Scotland,  will  show 
their  composition  : — + 


Constituents. 


Peroxide  of  iron 
Protoxide  of  iron 
Oxide  of  manganese . 
liime  • 


esia . 


Carbonic  acid 
Phosphoric  acid 
Sulphur       .        .        .        . 
Iron  combined  with  sulphur 

Silica  .... 
Water  combined 

Total 

Metallic  iron 


No.  1. 


70-44 

18*00 

004 


trace 
2-38 
2-08 
1-22 
2-76 
308 


100-00 


65-48 


No.  2. 


67-52 
7  09 

trace 
0-66 

trace 
0-46 
0-08 


4-70 

10-83 

8-66 


100-00      100-00 


No.  3. 


62-86 

7-20 

trace 

0-'67 
0-63 
0-14 


5-49 
11-72 
11-29 


52-78        49-60 


No.  4. 


59-71 

8-81 

1-48 

trace 

trace 

0-06 
0-17 
0-15 
7-17 
16-20 
6-25 


10000 


48-80 


*  *'  Joomia  of  the  Iron  and  Steel  Institote/'  1875,  p.  302. 

t  "  lion,"  7th  October,  1876,  p.  469.    Paper  by  Mr.  J.  St.  Day,  C.E. 
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The  importation  of  iron  ore  from  Portugal  commenced  in  the 
year  18.78,  when  24,812  tons,  valued  at  £32,068  were  received  in 
Great  Britain.  In  subsequent  years  the  returns  are  as  follows : — 


Year. 

Quantities. 

Value. 

Tons. 

£ 

1873 

24,812 

32,063 

1874 

29,398 

37.969 

1875 

48,277 

55,891 

1876 

12,894 

13,234 

1877 

13,998 

13,168 

1878 

3,154 

2,946 

1879 

nil 

nil 

1880 

39,775 

44,433 

France,  though  rich  in  her  deposits  of  iron  ore,  does  not  export 
largely,  but  on  the  contrary,  to  meet  the  demands  of  her  metal- 
lurgical works,  imports  iron  ore  from  her  Algerian  colonies, 
Belgium,  and  other  countries.  Magnetic  ores  do  not  abound  in 
France ;  hematitic  ores  are  wrought  in  considerable  quantity  in 
the  department  of  the  Ardeche,  near  the  towns  of  Privas  and 
La  Youlte,  and  furnishes  to  some  extent  the  furnaces  of  the 
Terrenoire,  La  Voulte,  and  Besseges  companies.  The  ore  occurs 
in  strata  between  the  Lower  Oolite  and  Liassic  Marl,  and,  as 
described  by  Professor  S.  Jordan,  "  varies  in  character  from  the 
red  hematite,  with  a  conchoidal  fracture  and  agate-like  texture 
(containing  56  per  cent,  of  iron),  to  the  schistous  and  even  oolitic 
hematite  (with  only  80  per  cent,  of  iron)."  The  production  of 
these  deposits  does  not  exceed  260,000  tons  per  annum.  Analyses 
of  the  ores  show  the  annexed  results  : — 

Besxjlts  Tabulated. 


Constitiientii. 

Privas. 

La  Voulte. 

Peroxide  of  iron 

58-16 

79-21 

Oxide  of  manganese             .     . 

trace 

trace 

SiHca 

10-90 

10-50 

Ahimina 

710 

2-26 

Lime 

10-35 

1-22 

Phosphorus 

0-325 

0-49 

The  other  constituents,  namely,  iron  in  form  of  protoxide, 
magnesia,  sulphur,  and  loss  by  calcination,  are  not  determined. 
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and  it  is  remarked  that  these  red  hematites  of  the  Ardeche  have 
a  geological  situation  very  different  from  those  of  the  north-west 
of  England,  where  they  are  found  in  older  rocks. 

The  principal  repositories  of  iron  ore  in  France  are  found  in 
the  Liassic  and  Oolitic  rocks,  the  conditions  of  occurrence  being 
somewhat  similar  to  ores  of  the  same  geological  age  in  this 
country,  though  it  has  been  remarked  that  in  theii*  general 
character  they  are  more  argillaceous  than  the  English  ores  of  the 
same  age.  Brown  iron  ore  of  a  sandy  character,  occmring  in 
superficial  deposits  in  the  Wealden  rocks,  between  Boulogne  and 
Calais,  where  it  is  extensively  worked  at  a  small  cost,  is  smelted 
in  admixture  with  ore  from  Africa,  and  hematite  from  Spain  and 
Cumberland,  at  the  blast  furnaces  of  Marquise  and  Outreau,  the 
last-named  furnaces  being  situated  on  the  Biver  Lianne,  a  short 
distance  from  Boulogne.  The  ores  raised  in  this  area  yield  from 
82  to  85  per  cent,  of  metallic  iron.  The  most  important 
deposit  in  France  is  the  great  ironstone  field  extending  from 
Luxemburg  through  Lorraine  up  to  and  beyond  Nancy,  in  the 
valley  of  the  Upper  Moselle.  It  occupies  the  upper  part  of  the 
Lias  formation,  or,  according  to  some  geologists,  it  belongs  to 
the  Lower  Oolites.  The  ore  obtained  in  this  iron  field  is  very 
variable,  ranging  from  20  to  85  per  cent,  of  metallic  iron. 

Spathose  ore  is  obtained  in  a  few  localities  in  France,  the 

principal  deposit  being  in  the  Department  of  the  Isere,  where  it 

is  worked  at  AUevai'd.     The  constituents  of  three  varieties  of 

these  spathose  ores  are  given  as  follows  by  Professor  S.  Jordan, 

of  Paris : — 

Bbsults  Tabulated. 


Oonstituents. 

Is^re. 

Savoy. 

OnentalciL 

Protoxide  of  iron 

48- lo 

oOoO 

61-70 

Oxide  of  manganese             .     . 

3-02 

8-00 

4-06 

SiUca 

4-85 

•«• 

•  •  • 

Quartz  and  day  . 

•  ■  • 

1-00 

1-34 

lime 

2-50 

1-70 

0-21 

Magnesia 

0.57 

0-70 

... 

Sulphur 

0-16 

■  •  a 

... 

Loss  by  calcination              .     . 
Total    .... 

40-49 

3810 

31-95 

99*74 

100-00 

99-26 

Eeferring  to  the  Bonlonnais  Ironworks  in  the  Pas  de  Calais, 
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it  is  a  curious  coincidence,  and  worthy  of  note,  that  they  should 
have  commenced  operations  about  the  time  that  the  Wealden 
Ironworks  ceased ;  these  latter  were  situated  at  Ashbumham,  in 
Sussex,  and  were  finally  extinguished  in  the  year  1828,  the  iron- 
works  of  the  Boulonnais  commencing  operations  between  the 
years  1829  and  1884. 

In  the  following  table  appear  the  quantities  and  value  of  all 
kinds  of  ore  imported  into  this  country  from  France,  between  the 
years  1864  and  1877,  since  which  there  has  been  no  imports : — 


Yp*r. 

Qoantfties. 

Value. 

'      Year. 

Quantities. 

Value. 

Toua. 

£ 

1 

Tons. 

£ 

1864 

19,454 

12.216 

1870 

10,300 

6,471 

1865 

19,477 

12,765 

1873 

16,761 

16,522 

1866 

16,064 

9,718 

i     1874 

20,077 

19,463 

1867 

12,540 

7,675 

1875 

•  •  • 

•  •  ■ 

1868 

10,766 

6,074 

1876 

«  •  • 

•  ■  • 

1869 

9,424 

5,753 

,     1877 

2,110 

9,910 

Algeria. — This  important  colonial  possession  of  France  con- 
tains extremely  rich  deposits  of  iron  ore  ;  at  Djebel,  near  Arousse, 
and  Sfer,  in  the  province  of  Oran,  specular  iron  ore  is  extensively 
wrought,  while  at  Mokta-el-Hadid,[inthe  province  of  Constantine, 
magnetic  iron  ore  is  worked.  The  annexed  analysis  shows  the 
constituents  of  the  ore  raised  in  the  province  of  Oran  and  used 
in  the  blast  furnaces  of  Great  Britaiu : — 


Eesxtlts  Tabulated. 

Peroxide  of  iron 71*00 

Lime 11-09 

Masnesia 1*73 

Carbonic  acid 10*61 

Alumina 0*74 

Silica 1*36 

Combined  water 1*87 

Water  at  212°  Falir 1*60 

Total 100*00 

Metallic  iron 49*70 


Algeria,  with  her  extensive  iron  ore  deposits,  possesses  but  one 
metallurgical  establishment  of  any  importance  engaged  in  the 
manufacture  of  pig  iron.     These  ironworks  are  situated  at  Atelik, 
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near  Bona,  in  the  proyince  of  Constantine,  where  pig-iron  is  made 
from  the  spathose  ores  of  the  district;  native  coal,  previously 
coked,  being  employed  in  their  reduction. 

The  quantities  and  value  of  the  iron  ores  imported  from  Algeria 
appear  as  under  in  each  year  since  1863  : — 


Year. 

Quantities. 

Value. 

Year. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

18C3 

268 

201 

1872 

53,162 

66,741 

1864 

1,090 

788 

1873 

69,856 

96,964 

I860 

3,225 

2,801 

1874 

62,233 

79,863 

1866 

509 

492 

1875 

55,620 

61,808 

1867 

nil 

nil 

1876 

42,112 

47,355 

1868 

326 

293 

1877 

22.151 

24,194 

1869 

285 

319 

1878 

13,124 

14,783 

1870 

2,116 

1,559 

1879 

18,911 

18,317 

1871 

1,640 

1,803 

1880 

82,248 

86,884 

In  the  year  1872  the  average  price  of  these  ores  exceeded  25a. 
per  ton,  increased  to  288.  per  ton  in  1873,  falling  in  1874  to  26«. 
per  ton,  since  which  date  prices  have  declined,  till  in  1879  they 
realized  20«.,  increasing  in  1880  to  upwards  of  21«,  per  ton. 

Italy. — Iron  ore  exists  abundantly  in  the  states  of  the  Italian 
kingdom.*  "  The  chief  iron  ores  of  Lombardy  are  those  known 
as  spathic  or  carbonate  of  iron,  and  brown  hematites  ;  these  are 
found  in  beds  enclosed  by  metamorphic  gneiss  in  the  neighbour- 
hood of  the  lakes  of  Como  and  Iseo,  and  in  the  Yal  Sassina, 
also  in  the  Bergamask  Mountains,  where  they  compose  layers  or 
seams,  sometimes  two  and  even  three  fathoms  thick  in  triassic 
red  sandstone  or  green  slate.  The  brown  hematite  contains  much 
manganese,  and  is  therefore  particularly  suitable  for  the  produc- 
tion of  manganiferous  spiegeleisen  or  a  white  radiated  pig  iron.'^ 
In  the  island  of  Elba,  on  the  eastern  side,  at  Bio  Albano,  Bio 
Marina,  Terranera,  and  Capo  Calamita,  specular  iron  ore,  red 
hematite,  and  magnetic  ores,  are  still  wrought  as  they  were 
centuries  ago.  The  mines  at  Elba  furnished  the  Etruscans  with 
iron  ore,  from  which  they  made  iron  long  before  the  foundation  of 
ancient  Bome ;  and  the  mines  are  now  far  from  being  exhausted. 
The  oldest  mines  in  Elba  are  those  of  Bio  Marina,  but  the  opera- 
tions in  recent  years  are  confined  to  picking  the  rich  ores  from 


"  Reports  of  the  Viexma  Exhibition,  1873,"  vol.  iii.  p.  423. 
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the  heaps  left  by  the  old  miners ;  these  heaps  in  some  places 
attaining  a  height  of  600  feet.  The  production  of  iron  ore  in 
Elba  exceeds  200,000  tons  per  annum,  the  greater  part  of  which 
is  exported  to  Corsica,  France,  England,  and  Germany,  about 
40,000  tons  being  smelted  in  Tuscany,  at  Follonica,  Cecina,  Val- 
piana,  and  other  places. 

The  deposits  of  Rio  Marina  are  specular  iron  ore,  and  red 
hematite  resting  upon  talcose  schist,  and  covered  by  crystalline 
limestone,  having  an  area  of  about  80  acres,  the  depth  of  the 
deposit  being  considerable.  At  Rio  Albano  and  Terranera  the 
lodes  of  specular  iron  ore  break  through  the  talcose  schist,  and 
cover  it  with  beds  of  the  same  material  from  80  to  100  feet  thick; 
and  at  Capo  Calamita  there  is  a  lode  of  magnetic  iron  ore  which, 
lising  from  the  level  of  the  sea,  intersects  a  thick  crystalline  lime- 
stone, sending  frequently  branches  ioto  the  latter,  and  surmount- 
ing it  by  a  large  bell-shaped  mass  which  attains  a  thickness  of 
150  feet,  composed  chiefly  of  specular  iron  ore,  red  hematite, 
uctinolite,  and  green  garnet.  The  iron  ores  above  referred  to 
yield  respectively  of  metallic  iron  66*27  per  cent.,  65*35  per  cent., 
and  61'81  per  cent.  The  following  analyses  show  tlie  composition 
of  these  ores  ;  those  of  Calamita  and  Ten*anera  are  by  Professor 
Sestini ;  that  of  Rio  Albano  was  made  in  the  laboratory  of  the 
Phoenix  Ironworks  in  Germany  : — 

Besults  Tabuulted. 


Constituenti. 

Calainita. 

Tc'ironera.            Rio  Albano.     ' 

t 

Sesquioxide  of  iron  . 

Oxide  of  manganese    .        .     . 

Alumina 

Lime 

Magnesia          .... 

Silica 

Copper 

Sulphur 

Phosphorus      .... 
Insoluble  rock 
Water  and  loss 

94-67 
0-33 

■  •  ■ 

•  •  ■ 

•  •  • 

3-28 
004 
0-03 

trace. 

• 

i-65 

93-36 

trace. 

0-58 

0-16 

017 

•  •• 

•  •  • 

0-11 
... 

3-64 
1-98 

87*84 
0-07 
3-47 
0-22 
0-34 
5-97 

•  •  • 

0-17 
0-01 

•  •  • 

1-91 

Total       .... 

100-00 

100-00 

100-00 

Metallic  iron    .... 

66-27 

65-35 

61-81 

Imports  of  Iron  Ore  from  Italy. — These    are    considerable. 
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although  great  fluctuations  appear  in  recent  years;  since  1864 
the  quantities  imported  into  this  country,  with  the  value  in  each 
of  the  same  years,  are  given  as  follows  in  the  **  Trade  and 
Navigation  Returns  :  " — 


Year. 

Quantliies. 

Value. 

Tear. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

1864 

6,224 

6.221 

1873 

31,729 

46,545 

1865 

4,289 

4,271 

1874 

33,394 

46,938 

1866 

1,292 

1,292 

1875 

40,109 

46,859 

1867 

« 

•  •  • 

1876 

60,620 

63,302 

1868 

« 

•  •  • 

1877 

86,301 

86,836 

1870 

119 

445 

1878 

48,771 

46,104 

1871 

3,320 

3,167 

1879 

43,763 

49,713 

1872 

47,755 

61,091 

1880 

176,750 

182,556 

The  average  price  of  these  ores  previous  to  1872  was  about 
20«.  per  ton ;  in  1872  they  rose  to  25«.  6d.  per  ton,  and  in  1874 
to  28«.  per  ton,  since  which  prices  have  receded,  not  exceeding 
22s.  6d.  per  ton  in  the  year  1879,  and  20s.  8d.  in  •1880. 

Greece. — The  iron  ores  obtained  from  the  Grecian  Archipelago 
are  found  in  the  Island  of  Seriphos.  The  deposits  consist  both 
of  magnetic  iron  ore  and  of  brown  hematite,  similar  to  the  Bilbao 
ore,  but  in  some  of  the  mines  strongly  manganiferous.  The 
magnetic  ores  have  not  hitherto  been  worked,  as  they  are  not  so 
favourably  situated  for  transport  as  the  brown  hematites.  These 
occur  as  beds  interstratified  with  calcareous  shales  and  marbles, 
and  often  forming  the  surface  stratum,  so  that  they  can  be  worked 
simply  by  open  quarrj^ing ;  and,  as  they  are  situated  close  to  the 
coast,  ships  can  lie  within  a  few  hundred  feet  from  the  mines 
themselves,  by  which  the  expense  of  extraction  is  reduced  to  a 
minimum.  As  to  quantity,  although  the  works  are  of  small  extent 
and  principally  open  quarries,  enough  has  been  opened  out  to 
prove  more  than  a  million  tons  of  ore,  and  there  is  no  reason  to 
doubt  the  continuance  of  these  iron  ore  beds  in  depth.  The  ore 
raised  and  imported  into  this  countr}'  from  the  mines  in  the 
Island  of  Seriphos  was  smelted  some  years  ago  with  veiy  satis- 
factory results,  at  the  Royal  Greek  Ironworks,  situated  at  Walls- 
end,  near  Newcastle-upon-Tyne.  The  quality  of  tlie  ore  was 
excellent,  as  may  be  seen  by  the  following  analyses,  made  by 
Mr.  John  Pattinson,  of  Newcastle,  from  the  different  mines : — f 

*  Not  separately  distingniBhed. 

t  **  Journal  of  the  Iron  and  Steel  Institute,"  1876,  p.  293. 
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Const!  taentii. 

Xa  1. 

No.  2. 

No.  3. 

No.  4. 

Peroxide  of  iron     . 

80-64 

81-64 

66-07 

67-55 

Sesquiozide  of  iron    .     . 

0-96 

1-41 

•  •  • 

■  ■  ■ 

Peroxide  of  manganese  . 

0-98 

1-75 

6-91 

8-73 

AhiTm'na    . 

1-20 

0-40 

0-40 

0-20 

Lime      .... 

1-90 

2-o5 

9-83 

8-65 

Magnesia  .                 .     . 
Gar  Donio  add 

0-63 

0-51 

0-39 

0-48 

•  •  • 

0-76 

6-90 

6-80 

Silica         .        .        .     . 

7-23 

6-43 

3-67 

3-47 

Sulphur 

trace. 

trace. 

0-06 

0-02 

Phosphoric  acid         .     . 
Combined  water     . 

0-07 

0-05 

006 

007 

0-68 

5-08 

4-61 

4-43 

Moisture  . 

Total     . 
Metallic  iron  per  cent.    . 
Manganese  per  cent. 

0-81 

0-76 

1-37 

1-57 

100-10 

100-34 

100-27 

101-97 

57-20 

58-25 

46-25 

45-90 

0-61 

0-89 

5-62 

7-33 

The  reduction  of  these  ores  commenced  in  the  works  above- 
named  about  the  year  1878,  north  country  coke  being  alone  em- 
ployed, the  pig  iron  produced  by  its  superior  quaUty  proving  the 
high  character  of  the  ores,  which,  being  in  part  calcareous,  are 
mixed  with  one  another  when  charged  into  the  blast  furnace,  so 
as  to  require  no  limestone  or  other  flux  to  assist  in  their  reduction. 
The  pig  iron  produced  has  proved  of  admirable  quality,  and  well 
adapted  for  conversion  into  steel  by  the  Bessemer  process,  while 
puddled  steel  has  also  been  made  from  it.  Owing  to  the  quantity 
of  manganese  contained  in  the  pig  iron,  it  is  considered  to  be 
particularly  well  suited  for  the  manufacture  of  steel. 

The  quLities  b^ported  do  not  appear  regularly  in  the  official 
returns,  being  included  with  ores  received  from  other  countries ; 
in  1875,  however,  the  quantities  imported  amounted  to  10,249 
tons,  valued  at  £14,736,  giving  an  average  of  26«.  per  ton. 

Norway. — The  ores  of  Norway  are  chiefly  magnetic,  and  have 
been  wrought  from  a  remote  period.  The  principal  deposits  are 
found  in  the  neighbourhood  of  Kragero  and  Arendal,  and  have  a 
range  of  many  miles  in  a  direction  parallel  to  the  coast,  occurring 
in  hornblendic  and  micaceous  schists.  The  mines  near  Arendal 
are  situated  at  Langsev  and  Solberg.  At  Langsev  and  at  the 
Barbo,  an  adjoining  mine,  a  large  rock  of  garnet  is  intimately 
mixed  with  augite,  calcspar,  and  magnetic  iron  ore ;  where 
the  latter  forms  concentrations,  which  are  sometimes  8  to  4 
fathoms  thick,  and  contain  from  SO  to  40  per  cent,  of  iron,  the 
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ore  is  obtained  in  open  quarry  workings.  The  Solberg  Mine 
produces  a  similar  ore,  being  a  mixture  of  magnetic  iron  ore, 
garnet,  augite,  and  calcspar,  and  both  ores  are  smelted  without 
a  flux,  yielding  a  pure  and  exceptionally  strong  iron.  The 
deposits  are  not  extensively  worked,  as  the  yield  of  metallic  iron 
does  not  exceed  40  per  cent.,  and  consequently  the  ores  are  not 
exported  to  any  great  extent. 

Since  the  year  1865  the  quantities  of  iron  ore  imported  into 
Great  Britain  from  the  mines  of  Norway  appear  in  the  annexed 
table,  with  the  respective  values : — 


Year. 

Quantitiea. 

Value. 

Year. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

1865 

5,850 

8,372 

1872 

21,014 

25,098 

1866 

4,857 

5,441 

1873 

16,651 

17,985 

1867 

5,560 

5,367 

1874 

28,680 

32,786 

1868 

12,073 

10,503 

1875 

24,192 

26,813 

1869 

16,556 

12,822 

1876 

8,749 

8,927 

1870 

15,928 

12,532 

1877 

5,865 

6,421 

1871 

2,264 

1,975 

,    1878 

1,023 

978 

The  imported  quantities  from  Norway  show  a  great  falling  off 
since  1875  from  24,192  tons  to  1,023  tons  in  1878,  and  in  the 
year  1879  the  name  has  disappeared  from  the  customs  returns. 
In  1874,  the  year  of  greatest  importation,  the  average  price  of 
these  ores  was  228.  per  ton. 

Sweden. — Ores  of  iron  exist  in  abundance  in  this  kingdom, 
although  mineral  fuel  is  almost  entirely  deficient,  and  the  little  it 
possesses  has  not  yet  been  utilised  in  its  iron  industries.  The 
iron  ores  of  Sweden  are  either  magnetic  iron  ore  or  specular  iron 
ore  and  hematite,  principally  found  in  metamorphic  gneiss ;  also 
bog  iron  ores.  The  most  celebrated  mines  are  those  worked  at 
Taberg,  in  Jonkoping,  where  a  greenstone,  containing  over 
80  per  cent,  of  iron  and  6*2  per  cent,  of  titanium  and  vanadium, 
constitutes  a  whole  mountain.  Another  important  district, 
Upsala  county,  may  be  mentioned,  where  are  situated  the  cele- 
brated mines  of  Dannemora.  Bog  iron  is  extensively  raised  in 
the  counties  of  Jonkoping,  Kronoberg,  Kalmar,  and  Skaraborg ; 
this  ore  is  chiefly  reduced  in  the  blast  furnaces  of  the  localities 
named,  where  foundry  pig  iron  is  made,  the  iron  thus  made  con- 
taining so  much  phosphorus  as  to  unfit  it  for  conversion  into 
malleable  iron,  it  is  therefore  exclusively  employed  for  the  pro- 
duction of  light  castings,  such  as  stoves,  kitchen  ranges,  and 
hollow  ware. 
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The  iron  ores  of  Sweden  imported  into  Great  Britain  are  in- 
considerable, not  exceeding  5,850  tons  in  any  one  year  since  1865. 
It  will,  however,  be  interesting  to  note  the  imports  and  values  in 
each  year  since  1861,  which  are  as  follows ;  importation  ceasing 
in  1877 :— 


Tear. 

Quantities. 

Value. 

Tons. 

£ 

1861 

376 

313 

1862 

554 

533 

1863 

270 

358 

1864 

1,984 

1,804 

I860 

5,850 

8,372 

1866 

4,685 

6,746 

1867 

305 

475 

1868 

1,506 

2,258 

1869 

835 

1,251 

Year. 

Quantities. 

Tons. 

1870 

15 

1871 

397 

1872 

625 

1873 

436 

Value. 


1874 
1875 
1876 
1877 


£ 

37 
397 
1,884 
1,847 
322 
740 
147 
431 


Analyses   of  Swedish  Ores. — The  following   five   important 

varieties  illustrate  the  ores  of  Sweden,  the  Dannemora  ore  No.  1 

being  especially  employed  for  producing  the  highest  class  of  steel 

iron,  is  referred  to  as  a  fine-grained  magnetite.    In  the  first 

analj'sis,  by  Ward,  the   ore  is  described   as  a  compact  black 

mineral,  containing  a  very  small  trace  of  iron  pyrites.   The  second 

and  third,  by  Noad,  are  of  magnetic  ores  from  Boslagen,  on  the 

east  coast  of  Sweden,  north  of  Stockholm ;  the  fourth  is  of  a 

lake  ore  firom  Flaten,  Wermland,  by  Svanberg ;  *  and  the  last  a 

titanic  ore. 

Hesxjlts  Tabulated. 


Constituents. 

No.  1. 

Xo.  2. 

No.  3. 

Lake  Ore. 

Titanic  Ore. 

Peroxide  of  iron 

58-93 

62-06 

56-80 

67-59 

54.00 

Protoxide  of  iron       .     . 

27-55 

28-42 

27-50 

•  •  • 

28-29 

Protoxide  of  manganese 
Oxide  of  manganese  .     . 
Lime      .... 

0-10 
6-38 

•  •  • 

•  •  • 

trace. 

0-24 

•  •  • 

1-80 

•  •  • 

1-45 
0-47 

... 
... 
... 

Magnesia  .        .        .     . 
Alumina 

0-61 
0-29 

1-44 

•  ■  • 

0-80 

•  •  • 

0-23 
4-18 

6^6 

Silica         .         .         .     . 

12-54 

7-60 

13-20 

7-81 

305 

Titanic  acid    . 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

13-50 

Carbonic  acid    .        .     . 

0-12 

•  •  • 

•  ■  * 

•  •  • 

•  •  • 

Sulphur 

Phosphoric  acid         .     . 

Water    .... 

Total                 .    . 

MetalHo  iron  . 

• 

004 

trace. 

0-11 

007 

•  •  • 

•  ■  • 

•  •  • 

0-18 

•  •  • 

17-81 

•  •  • 

6-20 

100-67 

99-59 

100-34 

99-72 

100-00    ' 

62-60 

65-60 

61-16 

47-32 

59-80 

•  Bauerman,  "  Metallurgy  of  Iron,"  pp.  62,  79. 
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Bussia. — Ores  of  iron  have  in  recent  years  been  imported  from 
this  distant  empire  in  notable  quantities,  commanding  a  very  high 
price,  inducing  to  the  belief  that  they  contain  chromate  of  iron. 

**  The  chromic  iron  ore  of  the  Ural  mountains  forms  masses, 
nests  or  veins,  in  serpentine.  The  richest  kind  contains  60  per 
cent,  of  chromium,  but  it  is  usually  less,  going  as  low  as  80  per 
cent.,  the  average  being  from  52  to  54  per  cent. ;  often  it  is  so 
intimately  mixed  with  magnetite,  that  it  ceases  to  be  a  chrome 
ore  proper.  (The  deposits  are  mostly  on  the  eastern  slope  of  the 
Ural  mountains.)  Since  1862  they  have  been  in  demand  for 
export,  but  the  cost  of  transport  is  so  great  that  ores  below 
SO  per  cent,  are  practically  unsaleable."  * 

Russia  is  comparatively  rich  in  iron  ores,  considerable  deposits 
of  brown  hematite  occur  in  Western  Russia  in  the  district  of 
Bieloi;  where  the  upper  bed,  described  as  '*a  brown  hematite,'' 
mixed  with  clay  and  sand,  is  found  at  a  depth  varying  from  one  to 
seven  feet  from  the  surface,  the  overlying  soil  being  a  reddish- 
yellow  clay.  This  bed  of  iron  ore  varies  in  thickness  from  20 
to  80  inches,  and  in  many  parts  is  succeeded  by  another  bed 
of  similar  ore  from  seven  to  fifteen  inches  in  thickness.  The 
ohemical  analyses  of  the  ores  of  the  above-named  district  made  at 
Moscow  and  St.  Petersburgh  show  it  to  be  an  hydrated  peroxide 
of  iron,  with  an  admixture  of  sand  and  clay  containing  fr*om 
29'70  to  85*00  per  cent,  of  metallic  iron.  Similar  ores  are  said 
to  occur  in  more  than  twenty  localities  situated  from  each  other 
about  fifteen  miles  in  the  same  district. 

Appended  are  the  quantities  and  values  of  the  ores  imported 
from  Russia  in  each  year  since  1870,  according  to  the  ''Trade  and 
Navigation  returns": — 


Year. 

Quantities. 

Value. 

Year. 

Quantities. 

Value. 

Tons. 

£ 

Tans. 

£ 

1870 

7,892 

68,415 

1875 

3,602 

28,641 

1871 

3,888 

23,334 

1876 

4,866 

31,076 

1872 

14,236 

94,481 

1877 

6,339 

45,486 

1873 

4,668 

37,600 

1878 

8,051 

49,328 

1874 

12,244 

94,527 

1879 

4,043 

22,455 

The  total  quantity  of  ore  imported  in  the  year  1880  amounted 
to  15,728  tons,  of  the  declared  value  of  £98,264,  giving  an  average 
value  of  nearly  £6  Ss,  per  ton. 

*  Aperga  dcs  Richesses  Min^rales  de  la  Basse,  p«  106. 
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Tvrlwy  in  Asia. — The  ores  imported  from  Turkey,  like  those 
from  Russia,  are  of  a  valuable  description,  and  in  all  probability 
of  the  same  character,  containing  perhaps  some  chromate  of  iron. 
The  quantities  annually  imported  since  1866  appear  in  the  follow- 
ing table,  with  the  values : — 


Year. 

Quantities. 

Value. 

1 

Tear. 

Quantities. 

Value. 

Tona. 

£ 

Tons. 

£ 

1866 

436 

2,680 

1873 

1,329 

10,927 

1867 

607 

3,140 

1874 

835 

5,630 

1868 

1,427 

10,850 

1875 

6,538 

46,921 

1869 

1,717 

4,800 

1876 

7,778 

54,577 

1870 

4,426 

29,140 

1877 

12,016 

70.942 

1871 

6,032 

37,923       ' 

1878 

3,215 

16,456 

1872 

4,090 

23,295 

1879 

4,881 

34,271 

The  imports  in  the  year  1880  amounted  to  10,683  tons,  of  the 
value  of  d671,897,  giving  an  average  value  of  nearly  £6  58,  per  ton» 

Total  Imported  Ores. — ^With  the  foregoing  general  reference 
to  those  countries  furnishing  supplies  of  iron  ore  to  the  United 
Kingdom,  and  the  localities  of  some  of  the  more  important 
deposits,  it  only  remains  to  give  the  total  quantities  and  values 
in  each  year,  which  are  here  appended  : — 

IbON  OeE  DfPOBTED  INTO  GbEAT  BrITAIX.* 


Year. 

Quantities. 

Value. 

Tear. 

Quantities. 

Value. 

Tons. 

£ 

Tons. 

£ 

1863 

62,167 

46,486 

1872 

801,503 

1,014,842 

1864 

74,163 

55,702 

1873 

967,536 

1,278,278 

1865 

76,977 

72,491 

1874 

754,141 

1,021,481 

1866 

56,689 

49,081 

1875 

458,693 

583,571 

1867 

86,569 

69,218 

1876 

672,235 

795,510 

1868 

114,438 

94,620 

1877 

1,142,308 

1,256,069 

1869 

131,321 

101,644 

1878 

1,173,860 

1,161,638 

1870 

208,310 

166,190 

1879 

1,083,692 

1,037,719 

1871 

324,034 

343,175 

1880 

2,634,401 

2,792,717 

The  returns  for  1880  show  a  remarkable  increase  over  the 
previous  year ;  the  largest  importation  coming  from  Spain.  Prices 
showing  an  upward  tendency,  from  nearly  20s.  per  ton,  in  the 
year  1879,  to  22«.  per  ton  in  the  year  1880. 

The  aluminous  ore  known  as  "  Bauxite,"  though  no.t  imported 
into  this  country,  possesses  much  interest  from  the  fact  that  it  is 

*  Trade  and  Kayigation  BetuinB. 
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employed  in  some  of  the  Contineiital  iron  works,  where,  in  recent 
investigations  on  the  dephosphorisation  of  iron  and  steel,  con- 
siderable attention  has  been  given  to  it  and  its  constituents. 
Seven  varieties,  subjected  to  analysis  by  M.  de  Wendels,  con- 
firming others  made  by  M.  Fovey,  show  the  following  results. 
It  being  remarked  that  it  is  impossible  to  procure  bauxite  con- 
taining much  less  than  10  per  cent,  of  silica : — 

Besttlts  Tabxtulted. 


No. 

Kind  of  Bauxite. 

BUica. 

AIuqUul 

Peroxide 
of  iron. 

lime. 

Value. 

FiaDct. 

1 

White    .... 

10-40 

66-99 

6-71 

•  •  • 

16 

2 

Rose  coloured    .        .    . 

10-90 

67-21 

6-14 

•  •• 

14 

3 

Red        .... 

11-80 

63-46 

23-99 

•  •  ■ 

10 

4 

Reddish  brown  .        .    . 

11-90 

63-61 

23-99 

•  «  • 

8 

5 
6 

(  Dark  reddish  brown  of 
)     compact  quality      .  \ 
\  Red  with  jpisolitio  iron  ) 

34-60 
9-80 

29-44 
41-62 

23*26 
36*08 

•  •  • 

3*16 

5 

6 

7 

i  Qray  with  pisolitic  iron  / 
(     ore  grain  .        •      • ) 

9-70 

41-64 

36*46 

3*10 

6 

The  value  of  the  bauxite  delivered  at  Aries  or  Tarascon,  near 
Marseilles,  varying,  according  to  quality,  from  4a.  to  12a.  6d. 
per  ton. 

It  is  explained,  in  reference  to  the  above  analyses,  that  the 
specimens  were  previously  dried  and  calcined.  The  amount  of 
water  contained  in  the  ores  in  situ  varying,  according  to  the 
season,  from  12  to  22  per  cent.  The  ores  referred  to  as  Nos.  4 
and  6  are  employed  as  fluxes,  with  Algerian  ores,  in  the  blast 
furnaces  at  Beaucaire,  situated  near  Tarascon. 

An  Italian  Company,  some  years  since  made  many  experiments 
to  use  bauxite,  for  the  production  of  iron.  The  final  result, 
however,  was  a  failure  with  considerable  loss.  Bauxite  was 
formerly  used  in  this  country  and  in  France  for  the  production  of 
aluminium,  as  it  was  found  that  the  alumina  existed  in  a  state  of 
much  purity  in  this  ore. 

The  only  deposit  of  bauxite  wrought  in  the  United  Kingdom  is 
that  worked  by  the  Irish  Hill  Mining  Co.,  at  their  Irish  Hill  and 
Straid  Mines,  situated  near  Ballyclare,  in  the  County  Antrim,  on 
the  north-east  coast  of  Ireland.* 


*  For  AnalyBM,  see  page  778. 
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CHAPTEE    XXIV. 

FLUXES   (LIMESTONES)    USED    IN    PIG   IRON   MANUFACTUBB. 

Fluxes  (Limestones)  used  in  the  redaction  of  the  Ores  of  Iron  in  the  Blast  Furnaces 
of  Great  Britain — Description  and  Analyses  of  Flaxes  osed  in  Dorham  and 
Northamberland  and  the  North  Riding  of  Yorkahire--<himberland — ^Lanca- 
shire— North  and  Soath  Staffordshire — Northamptonshire — ^Wiltshire — South 
Wales  and  Scotland. 

Flnxei  (Idmestonei)  nsad  in  Pig  Iron  Mannfiustnre. — North 

of  England,  Durham,  Northumberland,  and  North  Riding  of 
Yorkshire, — The  principal  flux  employed  by  the  iron  smelter  in 
the  above-named  counties  is  limestone,  this  material  exists 
abundantly  in  the  districts  under  review.  Adjoining  the  town  of 
Stanhope  the  carboniferous  or  mountain  limestone  is  extensively 
-wrought,  furnishing  the  chief  part  of  the  limestone  used  in  the 
blast  furnaces  in  which  the  Cleveland  stone  is  smelted.  At 
Stanhope  it  constitutes  a  rock  of  great  thickness  and  is  very 
readily  excavated  from  a  bed  of  from  60  to  70  feet  in  thickness, 
lying  immediately  imder  the  alluvial  covering.  While  speaking 
of  the  limestone,  it  may  be  mentioned  that  it  is  traversed  in  some 
places  by  metalliferous  veins  occasionally  rich  in  lead,  con- 
taining among  other  minerals  carbonate  and  hydrated  peroxide 
of  iron. 

The  composition  of  the  mountain  limestone  is  exhibited  in  the 
following  analysis : — 

Rbsttlts  Tabulated. 

Insoluble  in  hydrochloric  add       .                 .  2*00 

Peroxide  of  iron  and  alumina 0*98 

Magnesia      ........  1*08 

Lime 53*35 

Carbonic  acid 43*02 

100*43 


The  lime  manufactured  from  this  stone  is  valuable  as  an  agri- 
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cultural  manure^  and  is  also  employed  for  purifying  gaS|  tanning, 
and  other  chemical  purposes. 

The  limestone  used  at  the  Stockton  Iron  Works  obtained  from 
the  Broadwood  quarries  described  as  **  dark  gray  in  colour,  and 
crystalline ;"  and  another  variety  used  at  the  Iron  Works  of  the 
Weardale  Company,  **  slatey  gray  in  colour  and  containing  fossil 
shells,"  show  the  following  constituents:  both  samples  were 
dried  at  a  temperature  of  212°  Fahr. : — 

Bbsxtlts  Tabxtlated. 


Constituents 

Stockton.       1       WeardAle. 

1 

Carbonate  of  lime     . 
Carbonate  of  magnesia         .     . 
Carbonate  of  iron     . 
Carbonate  of  manganese      .     . 
Siliceous  matter 
Carbonaceous  matter  .        .     . 
Organic  matter 
Phosphate  of  lime                .    . 

95-92 

1-85 

0-53 

trace 

1-70 

•  •• 
trace 

•  •  • 

95-55 
3-20 
trace 

0-90 
0-23 

•  •  • 

0-12 

Total    . 

> 

100-00 

100-00 

Another  limestone  (locality  not  stated)  employed  at  the  South 

Bank  furnaces,   Middlesborough-on-Tees,   described   as   ''dark 

gray  crystalline  limestone,"  gives  the  annexed  composition  in 

100  parts.* 

Besults  Tabulated. 

Carbonateof  lime 83-65 

Carbonate  of  magnesia 13*43 

Carbonate  of  iron 1*71 

Carbonate  of  manganese trace 

Phosphate  of  lime trace 

Carbonaceous  matter 0*39 

Sand  and  day 0-64 

Water  and  loss 0*18 

Total 100*00 

The  Hobberlaw  limestone,  in  the  neighbourhood  of  Alnwick, 
and  the  limestone  obtained  at  North  Sunderland,  examined  by 
Mr.  Hugh  Taylor,  of  Cramlington,  show  the  following  results. 
It  is  remarked  of  the  limestones  of  these  districts,  that  although 
they  differ  but  little  in  colour  from  the  rock  in  other  localities. 


*  **  Cast  lion  Ezpeiiments,"  Betnm  No.  497, 1858,  p.  35. 
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yet  they  answer  all  the  requirements  of  the  iron  smelter,  as  car- 
bonate of  lime  enters  so  largely  into  their  composition : — 


CoDstitae&ts. 

Hobborlaw.  * 

BanderUmd. 

Carbonate  of  lime     • 
Oarboaate  of  magnesia        .    . 
Peroxide  of  iron  and  alumina  . 
Sand 

Total        .... 

96*986 

1-006 

-590 

1-209 

96-637 

1-938 

•526 

•707 

99-791 

99-808 

The  carboniferous  limestone  of  Holy  Island,  distinguished  by 
a  ** Top"  and  ** Bottom  Bed,"  exhibits  some  remarkable  condi- 
tions, from  the  quantity  of  carbonate  of  magnesia  contained  in 
the  top  bed  exceeding  85  per  cent. ;  the  respective  constituents 
appear  in  the  annexed  analyses  : — 


Constitoents. 

Top  Bed. 

Bottom  Bed. 

Carbonate  of  lime     • 
Carbonate  of  magnesia         .     . 
Iron  and  alumina     . 
Sand 

Total    .... 

59-280 

35-121 

3-746 

1-384 

96-234 

2-076 

-242 

1-273 

99-531 

99-825 

The  Permian  limestone  of  Baisby  Hill  and  the  carboniferous  of 
Harmby,  largely  employed  by  the  iron  smelter,  also  chalk,  which 
is  used  in  small  quantities  in  admixture  with  the  limestone, 
exhibit  the  following  results  on  analyses ;  it  may  be  observed 
that  the  chalk  is  obtained  from  the  south  of  England,  from 
whence  it  is  brought  by  coasting  vessels  to  the  northern  parts : — 


Constituents. 

Baisby. 

Harmby. 

Chalk. 

Carbonate  of  lime     . 
Carbonate  of  magnesia         .     . 
Alumina  and  peroxide  of  iron  . 

Total        .... 

97-54 
0-90 
1-35 

95-26 
2-21 
2-98 

9615 
1-32 
3-20 

99-79 

100-45 

100-67 

Cumberland. — The  aluminous  ores  of  the  County  Antrim,  in 
the  North  of  Ireland,  are  extensively  used  as  a  flux  in  the  iron 
works  of  Cumberland,  in  admixture  with  the  hematite  ores. 
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These  ores  are  fairly  represented  in  the  annexed  analyses  of 
two  samples  by  Mr.  C.  Tookey;  an  analysis  of  baoxitey  by 
Mr.  Belli  is  given  side  by  side : — 


Constitaents. 

Aluminoua  On. 

BAQiiie. 

SiUca 

9-75 

9-87 

2-8 

AlnwiiTiA 

27-95 

84-57 

57-4 

Peroxide  of  iron 

35-91 

27-93 

25*5 

Protoxide  of  iron         .        .    . 

6-57 

6-08 

. .. 

Protoxide  of  manganese  . 

0-05 

traces 

•  •  * 

Lime 

0*60 

0-91 

0*2 

Magnesia 

0-20 

0*62 

•  *  • 

Potash 

0-49 

«  «  a 

... 

Titanic  acid      .... 

•  •  • 

3-51 

3-1 

Volatile 

Total    .... 

18-60 

19*36 

11-0 

100-12 

101-85 

1000 

The  limestone  abounding  in  the  Whitehaven  district  is  very 
generally  used  as  it  is  a  good  material.  It  is  described  as  **  fine 
grained  crystalline ;  light  brownish-gray  in  colour,  and  containing 
fossil  shells  (terebratula);"  *  on  analysis  this  limestone  gives  the 
following  results : — 

Samflx  Dbied  at  212^  Fahb. 

Carbonate  of  lime 97.63 

Carbonate  of  magnesia 1-03 

Carbonate  of  iron 0*24 

Carbonate  of  manganese 0*11 

Sulphate  of  lime 0-07 

Phosphate  of  lime traoe 

Carbonaceous  matter 0*06 

Alumina 0*10 

Silica  (principally  sand) 0*76 

Total 10000 


The  ordinary  black  shale  of  the  coal  measures,  consisting  of 
clay  and  carbonaceous  matter,  and  not  containing  an  appreciable 
amount  of  sulphur,  has  occasionally  been  employed  as  a  flux. 

iMacBmkdxe*  Fluxes  employed. — The  shale  of  the  coal  measures 
sometimes  used  as  a  flux  is  thus  composed.  The  sample  ex- 
amined by  Dr.  Frankland  was  obtained  from  the  neighbourhood 
of  Manchester : — 

•  "  Cast  Iron  Experimenta/'  Retnm  No.  497, 1868»  p.  19. 
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Coal  Measube  Shale. 

Silica 61-91 

Alumina 21-73 

Protoxide  of  iron 4-73 

Lime 009 

Magnesia 0*59 

Potash 316 

Soda 0-25 

Volatile  matter 7*43 

Total 99-89 


The  carboniferous  limestone  of  Lancashire  in  \7hich  the 
hematite  occurs  affords  a  plentiful  and  good  supply ;  that  used  at 
Askam  is  obtained  from  a  neighbouring  quany  at  Stainton,  and 
has  the  following  composition : — 

Analysis  of  Stainton  Limestone. 

Carbonate  of  lime 95-00 

Carbonate  of  magnesia 4-20 

Silica 0-50 

Oxide  of  iron  and  alumina 0-30 

Total 100-00 


The  aluminous  ores  of  the  North  of  Ireland  from  the  County 
Antrim  are  also  to  some  extent  employed  in  admixture  with  tlie 
ores  of  Fumess  and  Whitehaven,  as  a  means  of  producing  a 
better  slag  and  to  some  extent  controlling  the  percentage  of  silica 
in  the  pig  iron.  These  aluminous  ores  are  of  several  varieties, 
containing  from  20  to  27  and  as  much  as  85  per  cent,  of  alumina, 
and  will  be  found  fully  described  with  their  respective  analyses  in 
the  section  devoted  to  the  iron  ore  deposits  of  Ireland. 

North  StafFordshire. — The  limestone  raised  from  the  Froghall 
quarries,  and  used  at  the  Goldendale  Iron  Works,  near  Stoke- 
upon-Trent,  described  as  "  light  coloured  and  ciystalline,"  gives 
the  following  constituents  on  analysis : — 

Sahfle  Dsied  at  212°  Fahb. 

Carbonate  of  lime 97-89 

Carbonate  of  magnesia 0-87 

Carbonate  of  iron 0*48 

Carbonate  of  manganese traces 

Phosphate  of  lime trace 

Silica  (sand) 0*63 

Total 99-87 
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South  BtafEbrdslkire. — The  Silurian  limestone  of  Dudley  is 
extensively  employed  in  the  furnaces  of  South  Staffordshire  and 
Worcestershire,.  The  varieties  used  in  the  Netherton  furnaces 
and  the  Park  Head  furnaces,  derived  from  the  Dudley  quarries, 
are  described  as  ''  light-coloured  and  crystalline/'  average  samples 
being  selected  for  analysis  from  fine  and  coarse  grained  speci- 
menSi  giving  the  annexed  results  : — 


Constituenta. 

Netherton 
Furnace. 

FArk  Head 
Furnace. 

Carbonate  of  lime     . 

Carbonate  of  magnesia         .    . 

Carbonate  of  iron     . 

Clay  and  sand 

Organic  matter  and  water 

Water  and  loss    .        ... 

Total    .... 

97-31 
1-00 
0-62 

1-27 
0-20 

... 

9710 
0-85 
0-60 
l-lo 

6-30 

100-40 

100-00 

Another  limestone  obtained  from  the  Springfield  quarry, 
Dudley,  used  at  the  Old  Hill  furnaces,  being  described  as  ''light* 
coloured,  crystalline ;  with  a  small  vein  of  quartz  running  through 
the  sample,"  exhibits  the  annexed  constituents.  In  each  case 
the  limestone  was  dried  at  212''  Fahr. : — 

Carbonate  of  lime 88*85 

Carbonate  of  magnesia 2-03 

Carbonate  of  iron 1-21 

Phosphoric  add 0*26 

SiUoeoos  matter 8-15 

Total 100-50 


Traces  of  carbonate  of  manganese  and  organic  matter  were 
also  found,  it  being  further  ascertained  that  the  siliceous  matter 
consisted  of  quartz  with  a  little  clay. 

HorthAmFtonshire. — The  materials  principally  employed  are 
light-coloured  argillaceous  limestone  and  chalk ;  of  the  former, 
two  varieties  may  be  referred  to,  the  one  "  pale  yellow  in  colour, 
and  oolitic  in  structure  ;*'  the  other  "  light-coloured  and  composed 
entirely  of  an  agglomeration  of  fossil  shells ;"  while  the  chalk  is  of 
the  ordinary  description,  consisting  of  carbonate  of  lime,  with 
traces  only  of  silica,  alumina,  peroxide  of  iron  and  carbonate  of 
magnesia.     The  two  following  analyses  of  limestone  are  obtained 
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from  samples  dried  at  a  temperature  of  212''  Falir.,  and  have  the 
foUowing  constituents : — * 

Bbsttlts  Tabulated. 


Ck)n8titaent8. 

No.  1. 

No.  2. 

Carbonate  of  lime     . 
Carbonate  of  iron 
Carbonate  of  magnesia 
Siliceous  matter  .        .        .    . 
Organic  matter 

Ferruginous  clay  and  sand  .    . 
Water 

89-36 
3*38 
0-97 

•  •  • 

trace 
6-00 
0-43 

96*86 
1-36 
0-90 
0-88 

•  •  • 

•  •  * 

•  •  • 

Total        .... 

100-14 

100-00 

The  first  named  variety  was  formerly  employed  at  the  East 
End  Ironworks,  near  Wellingborough,  of  Messrs.  Butlin  and  Co. 
These  works  have  been  for  some  years  dismantled ;  and  the  second 
variety  at  the  Heyford  Iron  Works,  near  Weedon,  during  the 
occupation  of  Messrs.  Judkins  and  Co. 

Wiltshire. — The  rocks  of  the  immediate  neighbourhood  yield 
the  required  materials,  two  varieties  are  at  hand,  and  are  advanta- 
geously used  as  reducing  agents  in  the  smelting  operations  of  the 
blast  furnace.  The  one  a  limestone,  oolitic  in  character,  the 
other  a  hard  chalk,  both  rich  in  carbonate  of  lime,  which  will 
appear  in  the  following  analysis  of  each  variety : — 


Constitnents. 

Oolitic 
Limestone. 

Haid 
Chalk. 

Carbonate  of  lime 
Magnesia     . 
Oxide  of  iron   . 
Oxide  of  manganese 
Alumina  . 
Potash 
8oda 

Sulphuric  acid     . 
Phosphoric  add 
Silica   . 

Chloride  of  sodium 
Carbonate  of  iron 
Phosphate  of  lime 
Sulphate  of  lime  . 
Organic  matter 
Water  and  loss    . 

Total    . 

91-833 
0-796 
0-88o 
0-721 
1-102 
0-584 
0-610 
0-897 
trace 
1-204 

•  •  • 

«  •  • 

•  •  • 

l"368 

93104 
0-188 

•  •  • 

•  •  • 

trace 

•  •  • 

•  •  • 

•  ■  • 

1-110 
trace 
2-677 
0-623 
0-132 
1-865 
0-401 

• 

100-00 

10000 

*  *'  Cast  Iron  Experiments/*  Betum  No.  497, 1858,  p.  118. 
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The  Westbury  Iron  Company  (Limited)  in  the  year  1862  con* 
tributed  a  most  interesting  and  instructive  series  of  the  materials 
employed,  and  the  products  of  their  furnaces,  to  the  exhibition 
of  London  in  that  year,  and  at  the  close  of  the  exhibition  pre- 
sented the  collection  to  the  Museum  of  Practical  Geology,  where 
it  was  in  due  course  deposited  and  may  be  examined.  The  case 
containing  the  collection  will  be  found  on  the  principal  floor,  at 
the  south  east  comer,  amongst  the  specimens  illustrating  the 
manufacture  of  iron.  It  comprises  samples  of  the  Wiltshire  ore 
from  Westbury,  of  the  brown  and  green  varieties,  of  which 
analyses  appear  in  a  previous  page,  as  well  as  the  oolitic  lime- 
stone and  hard  chalk  used  as  fluxes  ;  examples  of  the  iron  made 
from  Nos.  1  to  4  are  included,  exhibiting  the  structure  and  cha- 
racter of  each  variety,  and  the  cinder  obtained  therefrom. 

Bright  iron,  white  iron,  and  mottled  iron,  also  refined  metal, 
are  illustrated  in  the  series,  together  with  a  sample  of  the  cinder 
produced  by  each  variety.  There  also  appears  in  this  collection 
some  very  curious  and  interesting  products  derived  from  the 
furnaces,  amongst  which  may  be  named  Cyano-Nitride  of  tita- 
nium, and  an  artificial  graphite  known  as  **  Kish." 

South  Walei.~Few  of  the  ores  of  iron  are  found  to  contain 
earthy  ingredients  in  proportions  suflGicient  to  form  readily  fusible 
slags  alone,  it  therefore  becomes  necessary  to  supply  the  defi- 
ciency. This  is  done  by  the  admixture  of  ores  of  dissimilar 
character;  for  instance,  siliceous  with  calcareous  ores  or  both 
with  argillaceous  ores  in  such  quantities  as  shall  yield  slags  of 
the  desired  composition,  or  by  the  addition  of  calcareous  or 
aluminous  minerals  not  containing  iron.  The  principal  flux 
employed  by  the  iron  smelter  is  limestone,  usually  obtained 
firom  a  neighbouring  quarry,  the  varieties  selected  being  such  as 
contain  the  greatest  amount  of  carbonate  of  Ume.  In  the  case 
of  the  rich  red  hematite  ores  of  the  West  Coast  of  Ulverston  and 
Whitehaven,  argillaceous  fluxes  are  necessary  in  addition  to  lime- 
stone. Aluminous  ore  obtained  from  the  County  Antrim,  and 
known  as  ''  Belfast  aluminous  ore,"  containing  a  laxge  quantity  of 
free  alumina,  has  in  recent  years  been  extensively  used. 

Of  the  fluxes  used  in  the  South  Wales  furnaces,  those  situated 
in  the  eastern  area  of  the  coal-field  in  Monmouthshire  employ 
two  varieties  of  limestone,  known  as  ''rough"  and  "smooth;" 
these  are  employed  at  the  Blaenavon  Iron  Works,  and  are  thus 
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described  in  the  Beport  of  cast  iron  experiments  made  at  Wool- 
"wich,  as  follows : — 

1.  *'  Bough  limestone "  has  a  large  crystalline  structure,  is 
light  brown  in  colour,  and  contains  numerous  fossil  shells. 

2.  *'  Smooth  limestone  "  has  an  oolitic  structure  and  is  usually 
pale  in  colour. 

Samples  dried  at  212°  Faheenheit. 


Constituents. 

Rough. 

Smooth. 

Carbonate  of  lime     . 
Carbonate  of  magnosia         .    . 
Carbonate  of  iron 
Phosphate  of  lime        .        .    . 
Silica  (sand)     .... 

Total        .... 

98-55 
0-54 
0-50 
003 
0-73 

99-26 
0-63 
0-33 
002 
0-27 

100-35 

100-51 

Scotland. — Analyses  of  limestones  employed  in  the  iron  fur- 
naces of  Scotland.  The  following  are  some  of  the  most  important, 
examined  by  Mr.  St.  John  V.  Day,  C.E.,  of  Glasgow,  and  pub- 
Ushed  in  "  Iron  "  in  1876 :— 


Constitnentn. 

1. 

2. 

3. 

4. 

6. 

6. 

Lime 

50-46 

51-97 

51-93 

52-35 

49-30 

47-98 

Magnesia     .    . 

•62 

•29 

•60 

•21 

•49 

1-71 

Protoxide    of  ) 
iron 

•48 

•90 

•66 

•16 

•51 

•98 

Carbonic  acid  . 

40-57 

41-61 

4172 

41^44 

39-57 

40-02 

Phosphoric  acid 

•05 

•09 

•16 

•02 

•02 

•17 

Sulphur       .     . 

•12 

... 

-21 

•16 

•26 

•32 

Iron  combined  ) 
with  sulphur  ] 

•11 

... 

•18 

•14 

•23 

•28 

Alumina  . 

2^61 

•92 

1-25 

1-48 

2^42 

2^54 

Silica  .        .     . 

4^88 

2-48 

1-92 

2-64 

6-60 

4^80 

Organic  matter 

trace 

1-44 

1-07 

1-10 

•40 

•84 

Water      . 

Total      .    . 
Specific  grayity 

•10 

•30 

•30 

•30 

•20 

•36 

10000 

100-00 

100-00 

100^00 

100^00 

100-00 

2^553 

2-727 

2-715 

2-703 

2^717 

2600 

CHAPTER    XXV. 

COAL   USED   IN    PIG    IRON    MANUFACTURB    IN    GREAT    BRITAIN. 

Coal  used  towards  the  close  of  the  past  century — Mr.  W.  Jessop's  Inquiry — Coal 
Commission  and  Mining  Record  Office  Inquiries — Coal  used  in  recent  years 
since  1871 — Details  of  Coal  used  and  Iron  made  in  the  years  1872  and  1880 — 
Extent  of  economy  in  each  year  since  1871. 

Coal  used  in  Pig  Iron  Manniketiire. — It  appears  desirable, 
at  the  conclusion  of  a  work  so  full  of  statistical  details  as  this 
volume  iS|  that  a  general  summary  should  be  given,  directing 
attention  to  the  more  important  points  in  this  large  inquiry.  In 
the  year  1788  the  average  quantity  of  coal  employed  was  7  tons 
to  each  ton  of  pig  iron  produced  in  the  furnaces  of  England  and 
Wales.  Ten  years  later  the  quantity  employed  did  not  exceed 
6  tons,  and  between  1800  and  1802  the  consumption  averaged 
but  6  tons. 

Mr.  William  Jessop's  Return,  which  has  been  frequently 
referred  to,  gives  the  average  consumption  in  the  furnaces  of 
Great  Britain,  in  the  year  1840,  as  not  exceeding  70  cwts.  of 
coal  to  each  ton  of  pig  iron  made. 

The  Report  of  the  Royal  Coal  Commission  in  the  year  1870, 
shows  that  the  quantity  of  coal  employed  was  60  cwts.,  compared 
with  70  cwts.  thirty  years  previously.  Before  considering  in 
detail  the  advance  made  in  recent  years  towards  economy  in  the 
use  of  fuel  in  pig  iron  manufacture,  it  will  be  a  fitting  place  to 
refer  to  some  important  observations  recently  made  by  the  Presi- 
dent of  the  Society  of  Engineers,  on  the  subject  of  the  manufac- 
ture of  iron,  in  which  he  observes  :— 

**  Competition  in  this  and  other  countries,  through  the  opening 
out  by  new  railways  of  fresh  iron  and  coal  measures,  and  in 
consequence  of  every  one  endeavouring  to  do  more  than  his 
^leighbour,  and  to  reduce  the  cost  of  smelting  iron  to  the  lowest 
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amounti  has,  I  fear,  in  many  instances,  not  contributed  to   the 
improvement  in  the  quality  of  iron*     The  lives  of  blast  furnaces 
are  of  very  short  duration,  compared  with  what  they  were  in  the 
early  part  of  the  present  century.    I  can  give  two  instances  of 
the  length  of  time  furnaces  lasted  without  being  blown  out,  and 
which  furnaces  were  at  the  Alfreton  Iron  Works,  Derbjrshire. 
One  blown  in  during  the  year  1812,  was  in  blast  till  1873,  whilst 
another  blown  in  during  1821  was  not  blown  out  until  1866. 
This  latter  furnace  was  visited  by  the  members  of  the  British 
Association,   during  their  meeting  at  Nottingham.    After  the 
furnace  was  blown  out,  an  examination  showed  that  there  had 
been  formed  a  partial  lining  of  plumbago,  which  protected  the 
fire  brick  lining,  which  I  think  you  will  admit  was  a  very  remark- 
able incident  in  blast  furnace  practice.     I  do  not  find  charcoal 
had  been  used  in  smelting  during  the  earUer  period  of  the  life  of 
these  furnaces.     Coke  alone  was  used  up  to  the  year  1829,  when 
equal  parts  of  coal  and  coke  were  substituted.     The  introduction 
of  the  hot  blast  was  the  cause  of  all  coal  being  used ;  at  that 
time  the  Furnace  or  Tupton  coal,  mixed  with  a  lower  hard  coal, 
was  the  fuel  used.     The  ironstone  used  was  the  argillaceous  of 
the  coal  measures,  containing  from  25  to  87  per  cent,  of  metallic 
iron.     The  iron  in  the  raw  stone  exists  as  a  carbonate,  and 
requires  calcining  at  a  cherry  red  heat  to  convert  the  carbonate 
into  a  peroxide  of  iron  for  smelting.    Iron  made  from  this  ore  is 
very  strong  indeed.     The  bands  of  ironstone,  technically  called 
*  rakes,'  are  some  of  them  found  with  the  coal  seams ;  the  blue 
rake  lies  above  the  lower  hard  coal ;  the  kernel  rake  lies  above 
the  yard  coaL    Nine  difierent  rakes  have  been  worked  at  the 
Alfreton  Iron  Works,  and  it  was  found  that  the  greater  the 
variety  used,  the  better  and  stronger  was  the  iron  produced.     I 
find  Durham  coke  the  best  for  smelting  furnaces.     The  demand 
for  iron  being  greater,  and  the  deposits  of  the  oolitic  formation 
being  used,  iron  making  took  a  new  form.    Blast  furnaces  were 
constructed  to  produce  very  large  quantities  of  pig  iron,  and 
works  were  erected  for  the  purpose  of  using  the  ooUtic  ores  alone. 
In  consequence  of  not  having  any  of  the  old  strong  argillaceous 
ores  mixed  with  them,  iron  sometimes  gets  into  bad  repute,  and 
makers  of  strong  iron    are    sometimes  to  their  disadvantage 
classed  with  others  who  do  not  so  mix  the  iron  ores.    I  find  also 
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that  the  hard  coal  of  Derbyshire  gives  the  iron  a  better  quality 
than  coke  as  used  in  the  north.*' 

'*  Furnaces  using  coal  do  not  require  to  be  built  more  than 
60  feet  high,  but  those  using  coke  are  best  at  70  feet  or  upwards. 
Low  furnaces  are  undoubtedly  the  best  for  the  iron  ores  lying  in 
the  Midland  Counties,  and  are  about  48  feet  high,  8  to  8^  inch 
tuyeres,  pressure  of  blast  4  to  4}  lbs.,  and  blast  heated  to  about 
750^  Fahr.  A  furnace  of  this  description  makes  a  good  tenacious 
iron,  from  a  mixture  of  ores  from  Lincolnshire,  Leicestershire, 
Northamptonshire,  and  the  argillaceous  ores  of  Derbyshire,  and 
smelted  with  the  best  hard  coal,  clean  and  free  from  pyrites. 
Bemelting  iron  in  the  cupola  should  be  very  carefully  performed. 
The  iron  should  consist  of  a  mixture  of  three  or  four  kinds  of 
pig,  and  the  coke  should  be  very  clean  and  free  from  sulphur ; 
or,  however  good  the  pig  iron  may  be,  the  remelting  will  ruin  the 
iron,  make  it  tender,  and  it  will  not  sustain  nearly  the  strain  it 
should  do,  hence  some  of  the  best  founders  do  not  sell  pig  iron. 
The  metal  from  the  blast  furnace  requires  testing  every  day, 
and  if  the  remelting  be  carefully  carried  out,  and  the  castings 
allowed  to  remain  in  the  sand  long  enough  to  prevent  them  being 
chilled,  there  need  then  be  no  fear  of  the  iron  not  standing  the 
required  test,  which  generally  is  as  follows : — 

*'  That  a  bar  of  1  inch  square,  and  88  inches  long,  and  weighing 
not  more  than  10  pounds,  will,  when  supported  at  points  86 
inches  apart,  and  loaded  in  the  middle,  sustain  a  weight  of  not 
less  than  7  cwt.  I  think  it  would  be  well  for  every  one  entering 
our  profession  to  go  first  for  a  time  into  a  foundry  and  see  for 
himself  the  varying  contraction  which  goes  on  in  different  kinds 
of  iron;  afterwards  he  should  go  into  the  pattern  shop.  He 
would  afterwards  remember  to  design  his  works  so  that  the 
iron  should  contract  as  far  as  possible  uniformly,  and  so  that 
one  part  should  not  fracture  another  during  cooling,  which  is 
very  often  the  case." 

Returning  to  the  question  of  the  economy  of  fuel  in  manufac- 
ture, the  year  1878,  known  as  the  year  of  the  coal  famine,  led  to 
more  precise  information  on  the  subject ;  in  that  year  a  Com- 
mittee of  the  House  of  Commons  appointed  to  inquire  into  the 
cause  of  the  ^'Deamess  and  Scarcity  of  Coal,"  extended  its 
inquiries  to  the  quantities  consumed  in  the  manufacture  of  pig 
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iron ;  circulars  were  issued  to  every  ironmaster  in  the  country; 
these  were  hberallj  responded  to,  and  the  result  of  the  inquiry 
showed  that  in  the  manufacture  of  6,741,929  tons  of  pig  iron 
made  in  the  year  1872,  the  total  quantity  of  coal  employed 
amounted  to  17,211,729  tons,  thus  distributed  in  Great  Britain: 


Pig  Iron. 

Coal  Used. 

England  . 
Wales .        .     . 
Scotland  . 

Total      .     . 

Tons. 
4,594,614 
1,057,315 
1,090,000 

Tons. 

11,388,342 

2,607,887 

3,215,500 

6,741,929 

17,211,729 

These  nmiHrn  ii an  average  of  2  tons  11  c^i;.  of  coal  to 

J  J       .?Nk^  ^^  some  districts  this  average  was 
g..,^^  exceeded.  partic^S^^  ^^  ^^^^^  ^  ^^  YoAshiie 

and    Shropshire,   where    co^j^  .    .       ,.„        °-       •.    -      ^i 
^  •         1  •      XT.       i_    ^IK*  ^s   still  employed    in    the 

furnaces,  m  making  those  brand^V.      r        i  •  i  ^i  ,•  .  •  * 

1  1^    X  J     XT.  XI,  w^  '^^  which  these  districts 

are  celebrated:  the  average  m  the^.  ,   j-  ^  •  x  •     ^orm 

^r  ,  1  1  J  •  oi  iilipamed  district  in  1872 
was  65  cwts.  of  coal,  and  in  Shropshii^  ^  j.  j*  i  x  i_ 
^        -    .    .  ,  ^\cwts.  of  coal  to  each 

ton  of  pig  iron  made.  ^ 

The  Durham,  Lancashire,  and  CumberlaiV.  x  •  .      -       ,  .  , 
the  rich  coke  of  the  Great  Northern  Coal  FL  -       '         ,     , 
employed,  giving  an  average  respectively  of  4iV.        40     .^ 
and  47  cwts.  to  each  ton  of  pig  iron  made.  ^*'  *' 

Again,  in  Scotland  where  raw  coal  is  extensivtxj^  ,   .       , 
smelting  operations  of  the  blastfurnaces,  the  average  jq-^ 
55  cwts.  of  coal  to  each  ton  of  iron.     Of  late  years,  hv  , 

more  general  application  of  gas-saving  apparatus   in  ^  '- 
works  has  largely  contributed  to  economy  in  tlie  use  of  n 

Taking  the  years  1872  and  1873  when  these  special  f^  . 
were  instituted  as  marking  a  new  era  in  the  history  of  ira!L  , 
of  coal  used  in  manufacture,  the  annexed  statement  for  the  \ 
named  year  will  afford  generally  reliable  information  and   se- 
for  comparison  in  the  returns  of  production  in  future  years. 

In  this  table  appears  the  numbers  of  furnaces  in  each  iron- 
producing  district,  in  Great  Britain,  the  iron  made,  coal  used, 
with  the  average  yield  per  furnace,  and  of  coal  used  to  each  ton 
of  pig  iron  made  in  the  year  1873  : — 


i 


4 
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FITRXACGS. 

AVERAOB. 

Distrii'ts. 

Built. 

In 

I   IVs    1  111  11 

>Iailu. 

Coal  Used. 

Per 

Coal 

Blast. 

Furnai^. 

Used. 

Xos. 

NOM. 

Tons, 

Tuns. 

Tons. 

Cwts. 

England — 

Northumberland.        .        .     . 

10 

4 

44,807 

101,347 

11,202 

46 

Durham  .... 

64 

49} 

799,573 

1,848,100 

16,071 

40 

Yorkshire,  North  Riding 

■        ■ 

78 

76 

1,166,431 

2,643,997 

Ie5,2l6 

46 

West  Riding   . 

40 

30 

161,611 

493,976 

6,060 

65 

Derbyshire  . 

47 

39 

296,468 

865,350 

7,601 

68 

Lancashire 

44 

36 

629,271 

1,108,192 

14,702 

42 

Cumberland 

48 

33^ 

456,877 

1,079,118 

13,638 

47 

Shropshire 

29 

21' 

135,149 

407,876 

6,436 

60 

Staflbrdshirt?,  North     . 

36 

29 

241,166 

710,856 

8,316 

59 

„            South 

142 

99 

673,397 

1,968,580 

6,801 

68 

Northamptonshire 
Lincolnshire     . 

16 

10 

68,480 

169,592 

6,848 

68 

13 

9 

62,076 

142,236 

6,786 

5o 

Gloucestershire    . 

10 

6 

44,409 

134,019 

3,841 

60 

Wiltshire 
Somersetshire 

I 

48,944 

131,293 

8,157 

63 

Total  England     . 
Xorth  Wales— 

576 

448^ 

4,688,199 

11,804,632 

10,406 

61 

Denbighshire       .        .        .     . 

9 

6 

42,773 

135,180 

8,554 

63 

Flintshire        .... 
Total  North  Wales  .    . 
South  Wales— 

4 

3 

24,690 

62,098 

8,230 

42 

13 

8 

67,463 

187,278 

8,433 

55 

Anthru<:ite  furnaces . 

13 

8 

32,822 

81,837 

4,102 

60 

^^^3^°^  1  Glamorganshire. 
Districts     )  Monmouthshire. 

Total  South  Wales 
Scotland        .        .        .    . 

73 

61 

424,384 

1,047,245 

8,321 

49 

62 

42 

360,683 

867,640 

8,685 

48 

148 

101 

817J89 

1,996,722 

8,012 

60 

166 

126 

993,000 

2,730,000 

7,881 

65 

Total  Great  Britain 

• 

892 

683J 

6,666,461 

16,718,632 

9,612 

60} 

Since  the  year  1872  a  great  advance  has  been  made  in  the 
economical  use  of  coal  in  pig  iron  manufacture.  In  that  year 
the  average  consumption  of  coal  in  Great  Britain  did  not  exceed 
61  cwts.,  the  returns  for  1878  as  given  above,  being  slightly  less, 
about  50f  cwts.  9  showing  a  saving  of  one  quarter  cwt.  on  each 
ton  of  pig  iron  made.  The  amount  appears  trifling,  yet  when 
considered  with  reference  to  the  total  production  of  pig  iron,  it 
gives  an  aggregate  of  nearly  885,000  tons  of  coal.  This  economy 
appears  prominently  in  the  annexed  table,  giving  the  quantity  of 
pig  iron  made,  of  coal  used  in  its  manufacture,  and  the  average 
quantity  of  coal  employed  to  each  ton  of  pig  iron  made  in  each  of 
the  following  years  :— 

3  a 
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Year. 

Fig  Iron  Made. 

Coal  Used. 

Coal  Used  per  Ton 
of  Iron. 

Tons. 

Tons. 

Tons.  Cwts.  Qrs. 

1871 

6,627,179 

19,881,537 

3      0      0 

1872 

6,741,929 

17,211,729 

2     11       0 

1873 

6,566,451 

16,718,562 

2     10      3 

1874 

5,991,408 

15,292,201 

2     11       2 

1875 

6,365,462 

15,645,774 

2      9      0 

1876 

6,555,997 

15,598,381 

2      8      0 

1877 

6,608,664 

15,342,445 

2       6      2 

1878 

6,381,051 

14,112,005 

2       4      2 

1879 

5,995,337 

13,117,411 

2      4      0 

1880 

7,749,233 

16,982,629 

2      3      3 

The  average  consumption  of  coal  used  in  the  year  1874 
exhibits  an  increase  over  previous  years ;  this  can  scarcely  be  the 
case,  and  a  careful  consideration  of  the  question  points  to  the 
probability  that  in  the  year  named  too  high  an  average  was  taken 
in  the  conversion  of  coke  into  its  equivalent  of  coal.  There  is, 
therefore,  good  reason  to  assume  that  the  average  consumption  of 
coal  in  that  year  did  not  exceed  2  tons  10  cwts.  to  each  ton  of  pig 
iron  made. 

From  the  above  statement  it  will  be  seen  that  during  the  past 
decade  a  saving  of  upwards  of  16  cwt.  of  fuel  has  been  effected  in 
the  manufacture  of  each  ton  of  pig  iron,  equivalent  to  26*6  per 
cent,  in  the  fuel  used  in  1880  compared  with  the  year  1871. 

To  bring  out  more  clearly  the  extent  of  the  economy  secured 
since  the  year  1871,  when  the  average  consumption  was  60  cwt. 
of  coal  to  each  ton  of  pig  iron  produced  in  the  blast  furnace,  the 
foUowing  table  has  been  prepared,  showing  the  actual  quantity  of 
coal  used  in  each  year  since  1871 ;  the  quantity  that  would  have 
been  consumed  had  the  average  of  the  year  1^871  been  maintained ; 
and  the  extent  of  the  economy  in  each  year  since  1871,  between 
the  actual  returns,  and  the  assumed,  of  3  tons  of  coal  to  each 
ton  of  pig  iron. 

It  will  be  seen  from  the  annexed  table  that  in  the  ten  years 
ending  1880,  the  total  quantity  of  coal  used  in  pig  iron  manu- 
facture in  Great  Britain,  amounted  to  159,902,674  tons ;  had  the 
average  of  1871  been  maintained  196,748,183  tons  would  have 
been  the  quantity  consumed ;  the  extent  of  economy,  amounting 
to  36,845,459  tons,  therefore  represents  an  actual  saving  of  coal 
in  ten  years  of  no  less  than  23'00  per  cent,  in  this  branch  of  our 
national  industries. 
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Tear. 

Coal  Used  in  Pig  Iron 
Maniifacture. 

Assuming  Three  Tons 
of  Coftl  to  each 
Ton  of  Pig  Iron. 

Extent  of  Economy 
in  each  Tear. 

1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

Tons. 
19,881,537 
17,211,729 
16,718,562 
15,292,201 
15,645,774 
15,598,381 
15,342,445 
14,112,005 
13,117,411 
16,982,629 

Tons. 
19,881,537 
20,225,787 
19,699,353 
17.974,224 
19,096,386 
19.667,991 
19,825,992 
19,143.153 
17,986,011 
23,247,699 

Tons. 

3,014,058 
2,980,791 
2,682,023 
3,450,612 
4,069,610 
4,483,547 
5,031,148 
4,868,600 
6,265,070 

Total 

159,902,674 

196,748,133 

36,845,459 

Of  the  many  improvements  in  late  years  tending  to  economy  in 
the  use  of  fuel  in  pig  iron  manufacture,  the  enlargement  of  the 
furnace  may  be  referred  to,  its  increased  height  and  capacity 
securing,  to  the  utmost  limits,  the  presstu*e  that  the  coal  or  coke 
would  stand  without  being  crushed  by  the  superincumbent  weight 
of  materials  in  the  furnace ;  and  enabling  a  greater  pressure  of 
blast  to  be  employed.  Another  improvement  which  has  of  late 
years  exercised  an  important  influence  on  our  iron  industries,  is 
the  raising  of  the  blast  to  double  the  temperature  that  was  usual 
when  the  hot  blast  was  introduced  by  Neilson,  and  for  a  consider- 
able period  afterwards.  This  is  effected  by  the  use  of  a  firebrick 
**  Regenerator  "  (such  as  is  known  as  a  "  Siemens  Regenerator  "), 
placed  inside  an  air-tight  wrought-iron  case,  such  firebrick  being 
heated  by  the  combustion  of  the  waste  gases  from  the  top  of  the 
furnace.  The  cold  blast  to  be  heated  is  then  passed  in  the 
reverse  direction  through  this  hot  brickwork,  so  that  it  is  raised 
to  a  temperature  of  1,500  degrees  Fahrenheit,  or  a  full  red  heat. 
These  stoves  are  known  as  "  Cowper's  Stoves,"  and  "  Whitwell's 
Stoves,"  after  the  names  of  the  inventors,  and  are  extensively 
employed,  not  only  in  Great  Britain,  but  also  in  Continental 
countries,  and  in  the  United  States  of  Ameilca. 

The  saving  of  fuel  in  the  use  of  these  stoves  varies  in  different 

districts ;  twenty  per  cent.,  however,  may  be  generally  regarded 

as  the  increased    make   of   the   furnace  and  the  economy  in 

each  ton  of  iron  made  where  these  arrangements  have  been 

introduced. 

With  these  general  remarks,  it  only  remains  to  refer  to  the 

3  a  2 
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volume  of  Mineral  Statistics  of  the  United  Kingdom  for  the 
year  1880,  giving  the  details  appearing  in  the  annexed  table,  of 
the  furnaces  built  and  in  blast,  of  pig  iron  made  and  coal  used  in 
each  iron-making  district  in  Great  Britain;  to  which  is  added 
the  average  yield  per  furnace,  and  of  coal  used  in  manufacture  : — 


FURNACES. 

Pig  Iron 
Made. 

Coal  Used. 

AYCBAOE. 

Districts. 

BuUt. 

In 
Blast 

Per 
Furnace. 

Coal 
Used. 

Efiffland— 
Northumberlnnd  . 
Durham  .... 
Yorkshire,  North  Riding 
„         West  Riding 
Derbyshire  . 
TiRnca^hii-e 
Cumberland.        ^ 
Shropshire 
Staffordshire,  North     . 

„            South . 
Northamptonshire 
Lincolnshire     . 
Gloucestershire    . 
Wiltshire . 
Hampshire  . 
Somersetithire  . 

Nos. 

4 

72 

91 

47 

54 

49 

51 

24 

36 

137 

23 

21 

9 

4 

1 

1 

Nos. 

2    \ 
80    / 

80 

33 

40 

37 

40 

12 

23i 

46 

17 

15 

Tons. 

750,262 

1,666,156 
306,560 
366,792 
750,884 
790,343 
88,338 
225,023 
384,556 
178,714 
207,704 

37,351 

Tons. 

1,420,766 

3,611,543 
769,519 
954,035 
1,362,154 
1,604,097 
249,254 
434,171 
878,581 
470,165 
481,807 

97,550 

Tons. 

23,445 

20,825 

9,270 

9,169 

20,291 

19,758 

7,361 

9,575 

8,360 

10,512 

13,847 

10,672 

Cvrts. 

38 

45 

50 

52 

36J 

401 

66i 

384 

4di 

52| 

46 

53 

Total  England         .    . 

North  Wales— 
Denbighshire    .... 
Flint^ire 

Total  North  Wales 

South  Wales— 
Anthracite  furnaces . 

^i^™^  lohunorganshire. 
Distiicta.    )  Monmouthshire. 

Total  South  Wales 
Scotland        .... 

624 

379 

5,752,683 

12,333,642 

15,180 

42f 

8 
2 

2   / 

57,812 

139,328 

8,259 

48 

10 

7 

57,812 

139,328 

8,259 

48 

11 

74 
56 

30  i 
35 

440,915 
448,823 

922,155 
1,045,449 

12,970 
12,823 

42 

46i 

141 

69 

889,738 

1,967,604 

25,793 

444 

149 

112J 

1,049,000 

2,542,055 

8,134 

48i 

Total  Great  Britai 

n 

924 

567§ 

7,749,233 

16,982,629 

10,113 

4aj 

The  following  section  arranged  by  Mr.  Hilary  Bauerman, 
F.G.S.,  shows  clearly  the  Distribution  of  British  Iron  Ores  in 
the  vaiious  Geological  Strata  : — 


GEOLOGICAL   DI8TBIBUTI0K   OF   BKITISH   OtON   OBES. 


Formations. 


( Igneous). 


OBETAOZOTre. 


LOWER 
0SBTA0X0V8. 


UPPER   OOLITS. 


MIDDLE   OOLITE. 


LOWER  OOLITE. 


UPPER  JdAB. 


MIDDLE  LLAB 

(Marlatone). 


LOWER  UAB. 


TRIAB  (New  Red 
SandstoueX 


OOAL  MEASURES. 


OARBOVIFEROUS 


DETOHIAV. 


SILURIAV. 


Orefi. 


Brown 
Aluminous. 


Nodular 
O&rbouate. 


Brown,  Sandy 

Calcareous, 
Brown. 


■{ 


} 


Nodular 
Carbonate. 


Brown  Oolitic. 


Brown  Oolitic,  j 
Brown  and 


Mnfnictic. 


} 


Brown  Oolitic 


•{ 


AiigiUacoous    I 
Carbonate.     ( 


Brown  Oolitic. 


Red  and  Brown. 


Nodular 

Carbonates 

(principally). 


Clnv  Band  and  ) 

Black  Band 

Nodular 

CarlK>nate. 

Brown. 

Red. 

Bpathic,  and 

Brown. 


Spathic,  Brown< 
Red,  and 
Magnetic. 


Red,  Brown.   I 

Spathic,  and  ) 
Brown.       i 


Magnetic  Oolitic. 


Principal  Localities. 


Basalt  of  Antrim,  Lame,  Red  Bay,  Glen, 
arm,  &c 


London  Clay,  Dorsetshire  (not  worked) 


Lower  Greensand,  Sesnd,  Wiltshire     .    . 
„  Linslade,   Bucks  (not 


Neocomian 


now  worked) 
Tealby,  Lincolnshire   . 


Weald  of  Kent  and  Sussex  (not  now 
worked) 


Coral  Rag,  Westbury,  Wilts 


NoRTHAMFTox  Bakd  iu  Oxfordshire     . 
Northamptonshire,  Liucolnsliire,  &c. 

Dogger  Ironstone,  Rosedalk,  Yorkshire 


Cleveland  Ikoxbtone,  North  Riding  of 
Yorkshire 


Brigg,  Scunthori>e,  &c.,  N.  Lincolnshire  . 


Re<l  Hill,  &c.,  near  Bristol  (included  in 
Somei-sctsldreX 


(Yorkshire  . 
Derbyshire 
North  StalTordshirc  . 
South  „ 

Shropshire 
Warwickshire 
NoHh  Wales 
South      „ 
Gloucester  and  Somerset 


COAL-FIELOe  OF  SCOTLAXD^ 

Ridsdale,  NorthuiuVrland  .... 

Gloucestershire  and  Dean  Forest 
FrRNiS8  and  WHiTsnAVEir  .        ... 
Alston  Moor  and  Woardale  (Lead  District 
of  Northumberland  and  Durham) . 


Somersetshire 
Devonshire . 
Cornwall 


Skiddaw  Slate  and  Granite  of  Ennerdale, 

Eskdale,  Ace,  Cumberland 
Wicklow 

Isle  of  Man 


Tromadoc,  Cader  Idris,  dec,  North  Wales 


Production 
inl880. 

Tons. 
1    234,751 


07,500 

|l,550,013 
6,079 


S,360 
6,480,576 

l,I5t,584 


286,608 

150,248 

1,350,813 

862,778 

226.721 

36,972 

41.413 

278,361 

875 


2,659,317 


92,150 
2,767,944 

41,850 


29.818 
12,653 
15,865 


4.574 
9 
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UNITED  KINGDOM. 
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No.  4.— TIN  PLATE  MANUFACTURE.  LIST  OF  WORKS— PRODUCTION 
AND  EXPORTS  OF  TIN  PLATES. 
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IRON  ORES  PRODUCED  FROM  THE  MINES  OF  THE  UNITED* 
KINGDOM— AND  PURPLE  ORE  OBTAINED  FROM  METAL  EX- 
TRACTION   WORKS. 


Table  L— Iron  Ore  raised  from  the  Mines  of  the  United  Kingdom* 
II.— Iron  Ores  raised  in  the  years  1860, 1870  and  1880. 
III. — Ironstone  raised  from  the  Coal  Measures  in  the  years  1860, 1870  and  .1880^ 
rV. — Purple  Ore— Analyses  and  Quantities  obtained  in  each  year  since  1871. 
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Table  I. 

Ibon  Cue  Produce 

^ited  from  the  Mines  of  the  United  Kingdom  in  each  of  the  following  Years y, 
distinguishing  the  quantities  of  Argillaceous  Carbonates  and  Black  Bands^. 
obtained  from  the  Coal  Measures,  from  that  raised  from  Mines  and  Work^ 
ings  not  in  the  Coal  Measures : — 


Year. 

t 

On*  not  in 

1      On?  from  Coal 

Totiil  Ore 

C<«il  Measures. 

MeASureH. 

1 

Raifted. 

Ton*. 

Tons. 

Tmm. 

18,35 

1,894,241 

7,659,500 

9,553,741 

1856 

2,673,745 

7,809,564 

10,483,309 

1857 

3,365,115 

6,208,166 

9,573,281 

1858 

2,884,065 

5,156,894 

8,040,959 

1859 

3,105,765 

4,774,551 

7,880,316 

1860 

2,858,142 

5,166,063 

8,024,205 

1861 

2,913,478 

4,302,040 

7,215,518 

1862 

3,397,531 

4,164,709 

7,562,240 

1863 

4,501,627 

4,587,333 

9,088,960 

1864 

5,107,145 

4,957,725 

10,064,890 

1865 

5,534,438 

4,375,607 

9,910,045 

1866 

5,365,167 

4,299,845 

9,665,012 

1867 

5,616,816 

4,404,242 

10,021,058 

1868 

5,822,175 

4,347,056 

10,169,231 

1869 

6,870,199 

4,638,326 

11,508,525 

1870 

7,859,477 

6,511,178 

14,370,655 

1871 

10,124,708 

6,210,180 

16,334,888 

1872 

9,632,375 

5,951,982 

15,584,357 

1873 

10,058,004 

5,519,495 

15,577,499 

1874 

9,390,214 

5,454,722 

14,844,936 

1875 

10,592,050 

5,229,010 

15,821,060 

1876 

11,182,160 

5,659,423 

16,841,583 

1877 

10,768,075 

5,924,727 

16,692,802 

1878 

10,320,593 

5,405,777 

15,726,370 

1879 

9,248,868 

5,130,849 

14,379,735 

1880 

12,627,881 

5,398,528 

18,026,409 
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Table  IL 

Giving  the  Quantities  of  ^^Iron  Ore  raised  in  the  United  Kingdom,  from  liina 
not  in  the  Coal  Measures,  in  each  of  the  years  1860,  1870  and  1880 : — 


I&ON  Obe  Fboduce. 


Counties,  etc. 

QuantitiM 
18d0. 

1. 

Quantities. 
1870. 

Quantities. 
1880. 

Tons.     CwrtK. 

Tons.   Cwtg. 

Tons.   CXrU. 

Comwcdl    . 

23,953 

4 

11,214 

4 

15,865     3 

Devonshire    .        .    . 

3,836 

0 

10,193  17 

12,652  15 

Somersetflhire 

24,102 

0 

18,764 

7 

29,318     0 

Glouceetershire      .     . 

90,466 

0 

183,503 

9 

92,159    0 

Wiltshire    . 

76,201 

0 

101,423 

0 

67,500     0 

Hampshire             .    . 

6,119 

0 

•  ■  « 

•  ■• 

Oxfordshire 

6,833 

0 

38,803 

17 

8,360    0 

Northamptonshire .    . 

95,664 

0 

761,248 

0 

1,550,103  10 

Lincolnshire 

16,892 

0 

248,329  17 

1,154,584     1 

Staffordshire,  North  . 

•  •• 

62,882 

0 

48,378     2 

Lancashire 

520,829 

0 

871,938 

0 

1,266,503  14 

Cumberland  .        .     . 

468,782 

0 

1,221,303 

4 

1,491,440  18 

Leicestershire     . 

•  •  • 

•  •  ■ 

52,387     0 

Yorkshire,  N.  Biding . 

Northumberland  and ) 

Durham     .        .     ji 

1,471,319 

6 

4,072,888 

1 

6,486,654  18 

12,500 

0 

100,332 

0 

41,357  18 

North  Wales 

97 

0 

100 

0 

1,603     3 

South  Wales  and   .     ) 
Monmouthshire .         ] 

39,817 

0 

88,721 

2 

65,566  10 

Ireland  . 

61 

0 

167,832 

0 

238,272     4 

Scotland 

•  •  • 

•  •  • 

5,166     0 

Isle  of  Man    .        .     . 

1,671 

8 

•  •  • 

9     0 

2,858,142 

18 

7,859,476 

18 

12,627,881  16 

♦Iron  Ore  (Argilla-  \ 
ceous  and  Slack 
Band)     obtained 

5,166,062 

14 

6,611,178 

0 

6,398,628    0 

from  Collieries  •  . 

Total  iron  ore  raised  . 
in    the    United  . 
Kingdom 

8,024,206 

12 

14,370,654  18 

18,026,409  16 

*  The  details  of  production  of  Argillaceous  Carbonates  and  Black  Bands  in  each 
of  the  same  years  axe  given  in  the  following  Table  IIL 
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Tablb  ni. 

Giving  the  mianUties  of  ArgUlacaotu  Oarbanate$  and  Black  Band  Ores  obtained 
/ram  the  Coal  Measures  of  the  Coal  Fields  of  the  United  Kingdom  in  each 
of  the  years  I860,  1870  and  1880  :~ 

Ieon  Stone  Fboduge. 


Coal  Fields. 

Quantities. 
1860. 

QoAntltieB. 
1870. 

Quantities. 
1880. 

Tons. 

Tons. 

Tons. 

England — 

Somersetshire         .    . 

•  •  • 

975 

665 

Gloucestershire  . 

•  •  • 

•  •  • 

210 

Shropshire     .        .    . 

165,500 

337,627 

226,721 

Warwickshire     . 

19,500 

17,500 

36,972 

Derbyshire     .        .     . 

375,500 

384,865 

150,248 

Nottmehamshire 
Staffordshire,  North  . 

[ 

■  •  • 

•  •  • 

2,264 

738,229 

847,252 

1,350,315 

Staffordshire,  South   . 

785,700 

450,000 

362,773 

Yorkshire,   VV.  Biding 

255,700 

307,717 

286,698 

Lancashire . 

•  •  m 

•  •• 

1,520 

Durham  and  North- ) 
umberland . 

^  f\  ^    i\^\^\. 

/ 

•  *  • 

125,000 

•  •• 

Wales-- 

North  Wales  .        .     . 

85,000 

59,140 

41,413 

South  Wales 

590,889 

471,333 

278,361 

Scotland — 

East  Division         .     ) 
West  Division    .         j 

2,150,000 

3,500,000 

2,659,317 

Ireland      .         .         .     . 
Total      .        .     . 

45 

9,768 

1,051 

5,166,063 

6,511,177 

5,398,528 

Table  IV. 

Purple  Obe. 

In  addition  to  the  ores  of  iron  raised  from  the  mines  of  the  United 
Kingdom,  and  the  valuable  foreign  ores  imported,  there  is  another  source  of 
supply  in  the  residue  known  as  '*  Purple  Ore."  It  is  obtained  from  the 
cupriferous  iron  pyrites  which  has  been  treated  for  sulphur  in  the  manu- 
facture of  sulphuric  acid.  This  is  roasted  with  an  addition  of  salt,  and  tiien 
lixiviated  with  water  in  order  to  dissolve  the  chloride  of  copper  formed.  The 
copper  is  removed  as  a  soluble  chloride,  and  then  obtained  as  cement  copper 
by  mnning  the  solution  into  vats  containing  scrap  iron.  The  residue  of  these 
oi>erations  is  nearly  pure  peroxide  of  iron  m  the  form  of  a  heayy,  purpliah 
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red  powder,  having  the  following  oomposition,  according  to  Mr.  John  A. 
Phillips,  F.B.S.,  managing  director  of  the  Widnes  Metal  Company. 

Besults  Tabxtlated.* 

Peroxide  of  iron 96-00 

Lead  (as  sulphate) 0*75 

Copper 0-20 

Sulphur 0-36 

Phosphorus nil 

Lime 0*40 

Soda 0-10 

Cohalt,  arsenic  and  chlorine traces 

Insoluble  residue 2*11 

99-92 
Metallic  iron 67*00 


The  results  are  computed  in  the  dry  state,  but  as  ordinarily  sold,  the  ore 
contains  about  15  per  cent,  of  water. 

This  oxide  of  iron  is  used  in  blast  furnaces  in  form  of  blocks  as  well  as  in 
powder ;  viz. :  at  Palmer's  Shipbuilding  and  Iron  Company,  Newcastle-on- 
Tyne;  The  Ditton  Brook  Iron  Company,  near  Warrington;  Bolckow, 
Vaughan  and  Co.,  Limited,  Middlesborough ;  Messrs.  Merry,  and  Cunning- 
hamc  and  Co.,  Glasgow  ;  Messrs.  Gjers,  Mills  and  Co.,  Middlesborough,  and 
the  West  Yorkshire  Coal  and  Iron  Company,  Leeds.  It  is  also  used  as 
fettling  ore  for  puddling  furnaces ;  being  m  a  powder  it  does  not  require 
grinding  as  hematite  does.  When  used  in  the  blast  furnace  in  those  works 
where  it  is  employed,  it  is  added  in  the  proportion  of  25  per  cent,  to  the 
amount  of  solid  ore. 

Mason's  pyrites,  as  preyiously  stated,  gives  on  analysis  67  per  cent,  of 
metallic  iron ;  other  pyrites,  the  Tharsis,  giving  62  per  cent.,  and  Buitron, 
66  per  cent,  of  metalnc  iron. 

The  annexed  tabulated  statement  gives  the  quantities  of  "Purple  Ore" 
available  in  each  year  since  1871 : — 


Ptjkple  Que 
Produced  from  the  Metal  Extraction  Works  in  Great  Britain, 


Year. 

Quantities. 

Year. 

1 
Quantities.        . 

Tons. 

Tons. 

1871 

200,000 

1876 

292,000 

1872 

252,239 

1877 

415,000 

1873 

275,000 

1878 

400,000 

1874 

255,000 

1879 

332,300 

1875 

280,000 

1880 

427,730 

•  Mason's  Pyrites. 
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PRODUCTION    OF    PIG   IRON    IN   GREAT    BRITAIN    IN    EACH 

IRON    MAKING    DISTRICT. 


)L] 

3        I. — Furnaces 

in  Blast  and  Production  of  Pig  iron  in   1740. 

M 

II.— Do. 

do.                   do.                    do.                 1788. 

«» 

III.— Summary 

of                       do.                     do.                  17J»6. 

•t 

IV. — Production  of  each   Iron  Works  in                            171KJ. 

•t 

V. — Furnaces 

in  Bhuit  and  Production  of  Pig  In)n  in   180(). 

»» 

VI.— Do. 

do.                   do.                    do.  1823  and  1830. 

»» 

VII.     Do.      . 

do.                   do.                     do.                 1839. 

11 

VIII.— Do. 

do.                   do.                     do.                  1840. 

•» 

IX.— Do. 

do.                  do.            in  1840,  1843  and  1847. 

T> 

X.     Do. 

do.                  do.                     do.                  1852. 

>» 

XI.— Do. 

do.                  do.                    do.        since  1854. 

»» 

XII.     Pig  Iron 

exported  from  the  United  Kingdom  since  1829. 

•> 

XIII.— Do. 

do.                  do.            in  1878,  1879  and  1880. 

Table  I. 

In  the  following  series  of  tables  will  be  found  the  number  of  furnaces,  with 
the  production  of  pig  iron,  and  occasionally  notes  of  the  quantities  of  coal 
used  in  manufacture ;  the  earliest  is  for  the  year  1740.  The  flourishing  and 
extensive  works  referred  to  by  Dud  Dudley  no  longer  existed ;  the  300  blast 
furnaces  mentioned  by  him  were  now  reduced  to  59,  and  their  total  annual 
produce  to  17,350  tons,  giving  an  average  yield  per  furnace  of  294  tons. 

The  details  are  as  follows : — * 

Pio  Iron  Prodttctiox  nr  the  Yeab  1740. 


Districts. 


Derbyshire 
Gloucestershire 
Hampshire       .* 
Kent    • 

Nottinghamshire 
Shropshire  . 
Staffordshire,  North 
Staffordshire,  South 
Sussex 
North  Wales 
South  Wales     . 
Warwickshire 
Worcestershire . 
Yorkshire    . 

Total 


Nunibpf  of 
B\iniR*',fH. 

Pig  Iron  Made, 

Tons. 

2 

550 

4 

800 

3 

1,350 

1 

200 

1 

200 

c 

2,100 

3 

1,700 

2 

1,000 

10 

1,400 

4 

400 

13 

4,850 

2 

700 

2 

700 

(; 

1,400 

59 

17,350 

*'  History  of  the  Iron  Trade."    By  Harry  Scrivener.    1854.    P.  57. 


830 


APPENDIX  II. 


Table  II. 

For  the  year  1788  the  following  infonnatioii  appears,  xoany  of  the  charcoal 
famaces  haying  died  out  since  1740.  In  some  districts  the  wood  was 
exhausted  ;  in  others,  the  ironmaster  was  prohibited  from  using  it ;  and  in 
others  the  use  of  charred  coal  (coke),  by  reducing  the  price  of  pig  iron, 
compelled  the  charcoal  iron  maker  to  abandon  or  to  alter  his  mode  of  manu- 
facture. The  production  of  charcoal  iron  made  was  14,500  tons,  and  of  coke 
pig  iron  53,800  tons,  in  the  furnaces  of  G-reat  Britain ;  the  average  make  of 
the  charcoal  furnaces  being  545  tons ;  and  of  the  coke  furnaces,  909  tons  per 
annum.    The  details  are  as  follows,  and  the  total  production  68,300  tons : — 


Pio  Iroit  Peodxtction  in  the  Yeab  1788. 


TDaftn/tfu 

CHARCOAL  Pia  IRON. 

COKE 

PIG  IROK. 

JJlBinClo. 

Furnaces. 

Tons. 

Funuices. 

Tons. 

Brecknockshire 

«  •  • 

•  •  • 

2 

1,600 

Caermarthenshire 

1 

400 

•  •  • 

...          1 

Cheshire 

•  •  • 

•  •  • 

1 

600 

Cumberland 

1 

300 

1 

700 

Derbyshire    . 

1 

300 

7 

4,200 

Glamorganshire 
Gloucestershire     . 

3 

4 

1,800 
2,600 

6 

•  •  • 

6,600 

•  •  • 

Lancashire 

3 

2,100 

«  •  • 

•  •  • 

Merionethshire 

1 

400 

•  •  • 

•  •  • 

Monmouthshire 

3 

2,100 

•  «  • 

•  •  • 

Shropshire     . 

3 

1,800 

21 

23,100 

g  taffordshire,  South  . 

•  •  • 

•  •  • 

3 

2,400 

StaJSordshire,  North 

•  •  • 

•  •  • 

6 

4,500 

Sussex 

2 

300 

•  •  • 

B    •  ■ 

Westmoreland 

1 

400 

•  a  • 

«    •   • 

Yorkshire 

1 

600 

6 

4,500 

Scotland 

2 

1,400 

6 

5,600 

Total 

•        • 

26 

14,500 

'      59 

1 

53,800 

Mr.  Mushet,  writing  some  years  later,  gives  the  quantity  of  charcoal 
necessary  to  produce  a  ton  of  pig  iron  as  2,422  lbs. ;  and  reliable  authoriti^ 
estimate  the  quantity  of  coal  used  in  the  year  1788  in  smelting  the  53»80O 
tons  of  coke  pig  iron,  to  have  been  from  376,000  to  400,000  tons,  giving  an 
average  of  between  7  and  8  tons  of  coal  to  each  ton  of  iron  made. 


PRODUCTION   OF  PIG  IROK. 


831 


Table  III. 

When  in  the  year  1796  preyiously  referred  to,  Mr.  Pitt  proposed  to  levy 
a  tax  on  coal  at  the  pifs  mouth,  a  formidable  opposition  was  offered  to  the 
measure,  and  an  inaependent  inquiry  was  instituted  hj  our  ironmasters, 
who  strongly  resistea  the  proposed  impost.  The  £u>use  of  Commons 
appointed  a  committee  of  inquiry  into  the  project,  the  result  being  the 
aoandonment  of  the  measure.  The  annexed  summary  gives  the  number 
of  furnaces  and  the  make  of  the  several  iron  making  districts  at  that 
period : — 

SUMMABY  OF  PlO  IeON  PRODTTOTIOir  UK  THE  YeAE  1796. 


DistrlcU. 

Furnaces. 

Pig  Iron. 

Ncxi. 

Tons.  Cwts. 

North  Staffordshire  . 

2 

1,958  10 

Cumberland 

2 

565     0 

Derbyshire       .... 

12 

9,656    0 

Gloucestershire    .        .        .     . 

2 

380    0 

Herefordshire  .... 

4 

1,749    0 

Lancashire 

3 

2,249    0 

Yorkshire         .... 

13 

10,398     0 

Shropshire 

23 

32,969  10 

Sussex 

1 

173    0 

South  Wales        .... 

24 

34,101     0 

Mid  Wales        .... 

1 

150    0 

North  Wales        .... 

5 

1,144    0 

West  Wales      .... 

1 

290    0 

South  Staffordshire               .     . 

14 

13,210  10 

Scotland  (coal) .                 .    •     . 

15 

15,186    0 

„        (charcoal)               .     . 
Total    .... 

1 

2 

900    0 

124 

125,079  10 

Detailed  particulars  of  this  important  return,  of  whidb  the  above  is  a 
summary,  giving  the  names  of  the  furnaces,  the  counties  in  which  situated, 
and  the  annual  make  of  pig  iron,  appear  in  Table  lY. 

In  this  table  is  indicated  the  division  and  the  names  of  all  the  furnaces  in 
Great  Britain  in  1796,  witli  the  Excise  return  of  the  quantity  of  pig  iron 
made,  the  quantities  supposed  and  calculated  upon  by  Mr.  C,  Mr.  G.,  and 
Mr.  W.,  and  the  returns  of  the  quantities  really  made : — * 


•  Dr.  H.  G.  Macnab.    **  Obaervations,  &c.,  on  the  Coal  and  Iron  Trades,  1796." 
P.  47.    Published  1801. 
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Table  IV. 


Pio  Iroit  Peodtjction  m  the  Year  1796. 


Name  of  Furnace 


Apedale 
Suverdalo  . 
Bearpot . 
Dudden     . 
Newland 
Backbarrow 
Dale  Abboy   . 
Morley  Park 
Butterly 
Flaxley     . 
Forest  of  Dean 
Abry  Tinton 
Bishopwood   . 
Combrook 
Brigwood 
Leighton   . 
Bowling  (2)    . 
Wibsey  Moor  (2) 
Shelf      . 
Birkensbaw 
Eenishaw  (2) 
Old  Park  (3)      . 
Horsehay 
Lightmoor  (3)    . 
Coalbrookdale  (3) 
Madeley  Wood  . 
Jackfield  (2)  . 
Benthal     . 
Willey   . 
Broseley    . 
Ketley  (3)      . 
Snedhili  (2) 
Donnington  "Wood 
Chestertield    . 
Little  Brampton  (2) 
Wingerworth 
Staveley    . 
Park      . 
Chappel     . 
Homcliffe  (2) 
Elsecar 
Brelton  . 
Holmes  (3) 


Carried  forward     . 


(2) 


What  Division. 

Excise 
Return. 

Tons. 

Chester 

2,100 

f  1 

2,600 

Cumberland 

2,080 

}* 

1,664 

}} 

700 

}> 

700 

Derby 

474 

>» 

728 

>> 

936 

Gloucester 

360 

>i 

20 

Hereford 

70 

9i 

500 

>» 

1,000 

>> 

500 

Lancaster 

780 

Leeds 

2,000 

»f 

2,000 

»» 

1,000 

II 

780 

Lincoln 

500 

Salop 

11,332J^ 

j» 

4,9275 

?♦ 

8,946 

*» 

7,175 

»» 

3,777* 

» • 

7,086" 

!♦ 

2,367* 

»♦ 

3,702* 

If 

1,775" 

II 

7,590 

II 

4,730 

II 

4,720 

Sheffield 

940 

II 

1,800 

II 

1,274 

II 

1,000 

II 

1,092 

11 

1,456 

II 

1,092 

II 

800 

II 

250 

i» 

•6,000 

•        «        • 

105,325^ 

Sui»i>ose<l 
(Quantities. 


Ton«. 

1,000 

1,200 

1,200 

400 

700 

700 

474 

728 

936 

360 

20 

70 

500 

1,000 

500 

780 

2,000 

2,000 

1,000 

780 

500 

6,240 

2,080 

6,240 

4,160 

2,080 

4,160 

1,600 

1,600 

1,400 

6,240 

3,400 

4,160 

940 

1,800 

1,274 

1,000 

1,092 

1,456 

1,092 

800 

250 

6,000 


75,912 


Exact 
Return. 


Tons. 

728 

1,230 

240 

325 

700 

769 

443 

728 

936 

360 

20 

70 

947 

482 

250 

780 

2,000 

2,500 

1,140 

846 

705 

5,952 

1,458 

2,498 

2,659 

1,856 

1,820 

1,334 

1,554 

1,076 

5,068 

3,367 

3,323 

940 

1,560 

1,274 

761 

853 

1,456 

712 

950 

250 

2,000 


Cwta. 

10 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 

0 
0 
0 
0 

o 

4 
15 

11 

8 

0 

0 
10 
10 
19 
10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


58,924  17    I 
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Pia  iBOir  PaoDVcmoN  m  the  yxab  119Q~HxmHnued. 


NanM  of  Furnaoef . 


! 


Brought  forward 
Ashbumham . 
Glydach     . 
Blaendare  (3) 
Blaenayon 
Sirhowy 
Beaufort    . 
Penyca  or 
Ebbw  Yale 
Hirwain 
Melincourt     . 
Eonisygedyr 
Neath  Abbey  (2; 
Oaerfilly    . 
Ofarthfa(3)    . 
Plymouth . 
Penydarren  (2) 
Dowlais  (3) 
LlaneUy 
Doyey 
Ruabon . 
Bryuibo 
Brymbo  Qate 
Penyvron  . 
Pentroben 
Carmarthen 
Level 
Brierly 
DeepEeld  (2)  . 
Bilston  (2) 
Bradley  (3)    . 
Grayeyard 
Dudley  Port  . 
Tipton  f2) 
Gospel  Oak    . 

Scotch  Furnaoet — 
Carron  (4) 
Wilson's  Town  (2) 
Muirkirk  (2)      . 
Eglinton(3)  . 
Dalrymple(2)  ) 
Addison  (2)       ] 
Argyle,  charcoal 
Bunawe      ,, 


Totals 


What  DiTiiion. 

ExciM 
Retomi. 

Tont. 

•          •     • 

105,325^ 

1721 

Sussex 

South  Wales 

1,820 

»♦ 

1,404 

>> 

5,460 

tt 

1,820 

f  > 

1,560 

tt 

1,560 

ft 

1,400 

tt 

648 

>* 

1,352 

*f 

3,120 

>» 

600 

}> 

6,000 

>> 

2,000 

)> 

4,000 

t< 

4,100 

tt 

1,664 

Mid  Wales 

200 

North  Wales 

1,560 

•* 

884 

f » 

728 

tt 

1,498 

tt 

1,560 

West  Wales 

1,056 

Sta^rdshire 

1,560 

>» 

1,300 

tt 

2,600 

tt 

2,340 

tt 

3,640 

>* 

1,260 

>> 

1,040 

tt 

2,080 

•  •  • 

•  •  • 
••  • 
■  •  • 

•  •  • 

•  • « 

•        •        • 

167,312J 

Supposed 
Quantitlas. 


Tons. 
75,912 
173 
1,820 
1,404 
5,460 
1,820 
1,560 

1,560 

1,400 

648 

1,352 

3,120 

600 

6,000 

2,000 

4,000 

5,400 

1,664 

200 

1,560 

sUent 

none 

lead  work 

1,056 
1,560 
1,300 
2,600 
2,340 
3,000 
1,336 
1,040 
2,080 


5,200 
2,080 
3,120 
3,640 

3,000 
1,600 

152,605 


Exact 
Retam. 


Tons.    Cwte. 

58,924  17 
173  0 
1,625  0 
1,500  0 
4,318  0 
1,930  0 
1,660    0 

397  0 


i 


1,050  0 

503  0 

800 
1,759 

695 
7,204 
2,200 
4,100 
2,800 
1,560  0 

150  0 
1,144  0 


0 
0 
0 
0 
0 
0 
0 


290  0 
1,391  0 
1,046  10 
2,526  0 
1,429  0 
1,920  0 

213 

869 
2,203 
1,613 


0 
0 
0 
0 


5,616  0 

2,080  0 

2,878  0 

2,216  0 

2,396  0 

300  0 

600  0 


125,079  7 
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Table  V. 

Fbodugtiov  of  Pio  Iron  in  the  yeab  1806. 

The  imml>er  of  fomaoes  built  and  in  blast  in  Qreat  Britain  and  the  pro- 
dnction  of  pig  iron  in  districts  are  giyen  as  follows : — * 


FtmKACBS. 

DUtricts. 

lUkeof 
F!g  Iron. 

In. 

Out. 

ToUL 

K<M. 

N08. 

Nos. 

Tons. 

England — 

Staffordshire 

32 

10 

42 

50,002 

Comberland     . 

4 

«  •  • 

4 

1,955 

Derbyshire   .... 

11 

6 

17 

9,074 

Shropshire        .        ... 

30 

12 

42 

54,966 

Lancashire    .... 

1 

2 

3 

780 

Leicestershire  .        . 

•  •  • 

1 

1 

«  •  • 

Northmnberland  . 

2 

... 

2 

2,500 

Yorkshire 

22 

4 

26 

27,646 

Monmouthshire    . 

3 

... 

3 

2,240 

WaUa—                                      , 

North  Wales    .... 

3 

1 

4 

2,981 

South  Wales 

35 

10 

45 

68,867 

Scotland 

Total        .... 

18 

9 

27 

22,840 

161 

65 

216 

243,851 

Table  VI. 
Pboduction  of  Pig  Iron  in  the  years  1823  and  1830. 

In  the  following  comparative  statement,  made  by  Mr.  Frederick  Fincfa, 
M.P.,  who  undertook  the  inquiry  for  the  Government,  we  have  the  annexed 
returns.  Mr.  Finch  took  a  considerable  amount  of  care  to  obtain  correct 
results,  and  was  aided  in  the  Scotch  returns  by  Mr.  Scudamore : — 


fXRNACBS. 

PIO  IBOK  MADZ. 

Districts. 

Increase 
8inc«  182S. 

1823. 

1830. 

1828. 

1830. 

K08. 

Nos. 

Tons. 

Tons. 

Tons. 

Northumberland    and  ) 
Durham         .             ) 

2 

4 

2,379 

5,327 

2,948 

Yorkshire 

26 

27 

27,311 

28,926 

1,615 

Derbyshire                .    . 

15 

18 

14,038 

17,999 

3,961 

Shropshire     . 
Staffbrdshire      .        .     . 

38 

48 

57,923 

73,418 

15,495 

84 

123 

133,590 

211,604 

78,014 

South  Wales . 

72 

113 

182,325 

277,643 

95,318 

North  Wales     .        .    . 

7 

12 

13,100 

25,000 

11,900 

Scotland 

Total     .        .    . 

22 

27 

24,500 

37,500 

13,000 

266 

372 

455,166 

677,417 

222,251 

The  above  figures  show  the  average  make  per  furnace  in  1823  to  have 
been  1,730  tons,  compared  with  1,824  tons  in  the  year  1830,  and  an  increase 
in  production  between  the  two  years  of  222,251  tons,  equivalent  to  49  per 

cent 

•  Parliamentary  Ketum. 
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Table  VII. 

Peoductiok  of  Pia  Iron  in  the  yeab  1839. 

Mr.  Musliet,  in  his  papers  on  Iron  and  Steel,  giyes  the  following  as  the 
number  of  furnaces  and  the  production  of  pig  iron  in  each  district  in  Great 
Britain  in  1839,  to  which  is  added  the  average  make  per  furnace : — 


r 

Difltricto. 

FURNACES. 

Pig  Iron  Made. 

Averagp  per 
Furnace. 

In. 

Out, 

BuiUl- 
iug. 

South  Wales  . 
Forest  of  Dean  .        .     . 
Shropshire     . 
Staffordshire,  North  .     . 
Staffordshire,  South 
North  Wales     .        .     . 
Derbyshire     . 
Yorkshire.        .        .     . 
Durham  and  Northum- ) 
berland      .        .         ] 
Scotland    .                 .     . 

„        (charcoal) 
Lancashire,     ,,          .     . 

Total . 

X«»8. 

122 

5 

29 

7 

120 

13 

14 

24 

0 

54 

1 
2 

N08. 

5 

3 

5 

3 

106 

7 
2 

5 

.  •  • 
6 

«  •  • 
•  •  ■ 

N 

J2 
2 

•  • 

3 

«  • 

•  • 

2 

•  • 

18 

•  • 

•  • 

Tonii. 

453,880 
18,200 
80,940 
18,200 

346,213 
33,800 
34,372 
52,416 

13,000 

196,560 
400 
800 

Tons. 
3,802 
3,640 
2,791 
2,600 
2,885 
2,600 
2,455 
2,175 

2,600 

3,621 
400 
400 

396      142           I 

>7        1,248,781 

3,153 

The  make  of  pig  iron  in  1S39  exceeded  that  of  1830  by  570,364  tons* 
equivalent  to  an  mcrease  in  the  ten  years  of  84  per  cent 


Table  VIII. 

Pboduction  of  Pio  Ibox  in  the  tear  1840. 

Previous  to  the  discovery  by  Neilaon  of  the  application  of  the  hot  blast, 
about  the  year  1829,  which  was  successfully  earned  out  at  the  CUyde  Iron- 
works, 8  tons  of  coal  previously  coked  were  required  to  make  each  ton  of 
pig  iron,  but  by  heating  the  air  to  a  temperature  of  300*  Fahr.  before  its 
introduction  into  the  olast  furnace,  5  tons  2  cwts  2  qrs.  of  ooal,  converted 
into  coke,  were  sufficient,  and  the  temperature  of  the  blast  being  increased 
to  600'',  it  was  found  that  raw  unooked  coal  could  be  used  advantageously. 
A  veiy  important  inquirv  bearing  on  the  oonsumption  of  fuel,  instituted  by 
Mr.  Williion  Jeesop,  of  uie  Buttwley  Ironworks,  Derbyshire,  led  to  the  fact 
that  in  the  year  1840,  of  the  490  furnaces  then  existing  in  Great  Britain, 
402  were  in  blast,  and  produced  1,396,400  tons  of  pig  iron  with  a  consump- 
tion of  4,877,000  tons  of  coals.  The  details  of  Mr.  Jessop's  return  are  aa 
follows : — 

3  H  2 
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rOUtACBB. 

Districts. 

Ffglran 
Made. 

Goal  Used. 

Cos 

To 

1  Used  per 

notlron. 

Rnilt 

In  Blast 

Kos. 

No*. 

Tons. 

Tons. 

Tons.  Cwts^  Qrs.| 

Forest  of  Dean 

4 

4 

15,500 

60,000 

3 

17       2 

South  Wales       .    . 

163 

132 

505,000 

1,436,000 

2 

16      3 

North  Wales  . 

15 

12 

26,500 

110,000 

4 

4       2 

Northumberland 

6 

5 

11,000 

38,500 

3 

9      0 

Yorkshire 

32 

25 

56,000 

306,500 

5 

9      0 

Derbyshiie.        .    . 
North  Staffordshire. 

18 

13 

31,000 

129,000 

4 

3      0 

16 

7 

20,500 

83,000 

4 

1       0 

South  Staffordshire. 

135 

116 

407,150 

1,582,000 

3 

17       3 

Shropshire 
Scotland             .    . 

Total  . 

31 

24 

82,750 

409,000 

4 

19      3 

70 

&i 

241,000 

723,000 

3 

0      0 

490 

402 

1,396,400 

4,877,000 

3 

10      0 

When  Mr.  Jessop  made  his  inquiry  it  was  ascertained  that  of  the  402 
furnaces  in  operation  162  were  using  hot  blast,  the  remaining  240  cold  blast. 
The  high  rate  of  consumption  of  coal  in  many  of  the  districts,  notably  those 
of  Yorkshire  and  Shropshire,  being  due  to  the  use  of  the  cold  blast 

Comparing  the  aboye  return  wiui  that  of  the  previous  year,  an  increase 
of  production  is  shown  of  147,619  tons,  equal  to  nearly  12  per  cent. ;  tibe 
ayerage  make  of  the  furnaces  being  3,473  tons,  compared  with  3,153  tons. 


Table  IX. 
PBODucnoN  OF  Pio  Ibon  in  thb  yeabs  1843  Ain)  1847. 

With  the  general  depression  of  trade  between  the  years  1840  and  1845  a 
great  fiEdling  off  appears,  amounting  in  the  year  1843  to  181,050  tons,  com- 
pared with  the  production  of  1840.  It  was  about  the  year  1843  that  the 
l^at  extension  of  our  railway  system  set  in,  causing  a  good  demand  for 
iron  of  all  kinds,  and  better  prices.  To  compare  the  extent  of  production 
at  this  most  eventful  period  in  the  history  of  the  trade  of  the  country,  the 
returns  of  the  year  1840  are  given  for  comparison  with  those  of  1843  and 
1847:— 


Districts. 

1840. 
Pig  Iron. 

1848. 
Pig  Iron. 

1847. 
Pig  Iron. 

Tons. 

Tons. 

Tons. 

Derbyshire    .... 

31,000 

25,750 

95,160 

Forest  of  Dean         .        .     . 

15,500 

8,000 

... 

North  Staffordshire 

20,500 

21,750 

65,520 

Northumberland      .        .     . 

11,000 

25,750 

99,840 

Shropshire    .... 
South  Staffordshire  .        .     . 

82,750 

76,200 

88,400 

407,150 

300,250 

320,320 

North  Wales 

26,500 

19,750 

16,120 

South  Wales     .... 

505,000 

457,350 

706,680 

Yorkshire     .... 

56,000 

42,000 

67,600 

Scotland 

Total 

241,000 

238,550 

539,968 

1,396,400 

1,215,350 

1,999,608 

Thus  it  will  be  seen  that  between  1843  and  1847  the  ii*on  industries  of 
Great  Britain  bounded  forward  at  a  rapid  pace,  the  increased  production  in 
four  years  amounting  to  784,258  tons,  equal  to  65  per  cent. 


•  ,>  ■  ■  ,^i>^m 
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Table  X. 

FRODXTcnoN  OF  Pia  Ibon  in  the  year  1852. 

Braithwaite  Poole  in  his  ''Statistics  of  Commerce,"  giyes  the  annexed 
statement  of  the  furnaces  in  Great  Britain  in  the  year  1852,  with  the  make 
of  pig  iron,  which  is  supplemented  by  the  ayerage  make  per  furnace  in  each 

district: — 


] 

PCRMACKS 

• 

Districts. 

Pig  Iron 
Made. 

Average  per 
Furnace. 

In. 

Out 

TotaL 

No«. 

NlM. 

Nob. 

Tons. 

Tons. 

Scotland 

113 

31 

144 

775,000 

6,860 

South  Wales     .        .     . 

135 

27 

162 

635,000 

4,705 

,,          (anthracite) 

12 

23 

35 

31,000 

2,583 

South  Staffordshire 

127 

32 

159 

725,000 

5,708 

North  Staffordshire  .     . 

17 

4 

21 

90,000 

5.294 

North  Wales . 

6 

7 

13 

30,000 

5,000 

Shropshire         .        .    . 

27 

13 

40 

120,000 

4,444 

Durham 

7 

6 

13 

35,000 

5,000 

Northumberland       .     . 

18 

8 

26 

110,000 

6,111 

Yorkshire  and  Derby-  ) 
shire  .        .        .         ) 

Total     .        .     . 

35 

7 

42 

150,000 

4,285 

497 

158 

655 

2,701,000 

5,440 

Comparing  the  above  return  with  that  of  1847,  when  of  the  623  furnaces 
in  Great  Britain,  433  were  in  blast,  producing  1,999,608  tons  of  pig  iron,  or 
an  ayerage  of  4,618  tons  per  furnace ;  there  appears  an  increase  in  produc- 
tion of  701,392  tons,  equivalent  to  nearly  36  per  cent.,  and  an  increase  per 
furnace  of  822  tons,  the  fnmaces  of  smallest  capacity  being  those  employmg 
anthracite  in  South  Wales. 
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Table  XI. 

PROBUcnoK  OF  Pio  Ibon  between  the  YEAES  1854  A2a>  1880, 


Showing  the  Numher  of  Furncices  Built  and  in  Blast  in  Great  Britain,  the 
Production  of  Pig  Iron,  and  the  A  x'rrage  Mal'e  2^er  Furnace  in  each  Tear.* 


rUBXACES. 

Year. 

Pig  Iron  Hade. 

Average  per 

Furnai-e. 

Bmlt. 

In  Blast. 

Xos. 

No9. 

Tt)ii». 

Tons. 

1854 

724 

555 

3,069,838 

5,530 

1855 

763 

589 

3,218,154 

5,463 

1856 

785 

622 

3,586,377 

5,766 

1857 

823 

628 

3,659,447 

5,829 

1858 

833 

617 

3,456,00i 

5,600 

1859 

862 

607 

3,712,904 

6,116 

1860 

872 

582 

3.826,752 

5,575 

1861 

852 

569 

3,712,390 

6,524 

1862 

876 

561 

3,943,469 

7,029 

1863 

908 

597 

4,510,040 

7,554 

1864 

883 

612 

4,767,951 

7,790 

1865 

919 

656 

4,825,254 

7,355 

1866 

839 

61 S 

4,523,897 

7,320 

1867 

818 

551 

4,761,023 

8,(H0 

1868 

912 

560 

4,970,206 

8,873 

1869 

901 

600 

5,445,757 

9,076 

1870 

916 

664 

5,963,515 

9,000 

1871 

897 

673 

6,627,179 

9,847 

1872 

876 

702 

6,741,929 

8,604 

1873 

892 

683 

6,566,451 

9,613 

1874 

915 

649 

5,991,408 

9,232 

1875 

899 

629 

6,365,462 

10,120 

1876 

927 

585 

6,555,997 

11,106 

1877 

940 

541 

6,608,6(H 

12,215 

1878 

948 

498 

6,381,051 

12,813 

1879 

929 

496 

5,995,337 

12,090    , 

1880 

926 

567i 

7,749,233 

13,679   1 

♦  "Mineral  Stetistics  of  the  United  Kingdom." 
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Table  XII. 

Pio  Ibon  Ezpobted  fbom  the  United  Kingdom  in  each  year  since 

1829 :— 


Tear. 

Quantities. 

1           Year. 

Quantities. 

Tons. 

.1 

Tons. 

1829 

8,931 

1855 

291,770 

1830 

12,036 

1856 

357,326 

1831 

12,444 

1857 

422,086 

1832 

17,566 

1858 

360,425 

1833 

22,988 

1859 

316,376 

1834 

21,788 

1860 

342,567 

1835 

33,073 

1861 

388,004 

1836 

33,880 

1862 

444,708 

1837 

44,387 

1863 

466,423 

1838 

48,554 

1864 

465,985 

1839 

43,460 

1865 

547,641 

1840 

49,801 

1866 

500,500 

1841 

85,866 

1867 

565,612 

1842 

93,851 

1868 

552,999 

1843 

154,770 

1869 

710,656 

1844 

99,960 

1870 

753,339 

1845 

77,362 

1871 

1,061,004 

1846 

159,163 

1872 

1,331,143 

1847 

176,086 

1873 

1,142,065 

1848 

175,650 

1874 

774,280 

1849 

161,775 

1875 

947,227 

1850 

141,973 

1876 

910,005 

1851 

201,264 

1877 

881,442 

1852 

240,491 

1878 

923,080 

1853 

333,585 

1879 

1,223,436 

1854 

293,432 

1880 

1,631,629 

Table  XIII. 
PiQ  Iron  Ezpobted  fbom  the  United  Kingdom. 

Showing  Countries  to  which  exported  and  Value  of  Exports  for  the  Three  Tears 

ending  1880 :— 


Countries  to 
which  Exported. 

QUAKTITIES. 

VALUE. 

1878. 

1879. 

1880. 

1878. 

1879. 

1880. 

Russia 

Oermany     .    . 
Holland  . 
Belgium      .    . 
France 

United  States  . 

British  North) 

America  .     j 

Other  countries 

Totals     . 

Tods. 
85,509 
228,434 
240,969 
90,318 
96,363 
32,663 

23,423 

125,401 

Tons. 
146,830 
233,900 
213,386 
83,750 
85,520 
277,939 

29,820 

152,291 

Tons. 

162,966 

247,874 

190,026 

116,628 

99,036 
612,013 

54,748 

158,338 

£ 
253,036 
591,350 
674,892 
221,902 
223,175 
133,008 

69,016 

303,803 

412,830 
517,828 
547,170 
194,230 
184,690 
873,320 

79,360 

341,461 

508,317 
685,771 
600,926 
342,417 
251,981 
2,278,916 

177,421 

416,545 

923,080 

1,223,436 

1,631,629 

2,470,182 

8,150,389 

5,207,294 
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MALLEABLE  IRON  WORKS  (MILLS  AND  FORGES)  AND  STEEL  WORKa 
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L— Summary  of  Production  of  Bar  Iron  in  each  county  in  England  and 

Wales  in  1750. 
IL — ^List  of  Works  and  their  Production  of  Bar  Iron  in  the  year  1750. 
IIL — ^Number  of  Works,  Puddling  Furnaces,  and  Rolling  Mills  in  Great 

Britain  in  each  year  since  1861. 
IV.— List  of  Bessemer  Steel  Works  in  Great  Britain,  giving  the  Number 

and  Capacity  of  Converters  in  the  year  1880. 
V. — Production  of  Bessemer  Steel  in  Great  Britain  since  the  year  1871, 
VI, — Production  of  Bessemer  Steel  in  each  District  of  Great  Britala  in 

the  years  1879  and  1880. 

VII. — Siemens'  Steel  Works,  List  of  Firms  manufacturing  Steel  by  the 
Open  Hearth  Steel  Melting  Process. 

VIIL— Production  of  Open  Hearth  Steel  in  Great  Britain  since  1873. 

IX.— Production  of  Open  Hearth  Steel  in  each  District  in  1879  and  1880. 

X« — List  of  Firms  employing  the  Siemens*  Regenerative  Gas  Furnaces 
for  Melting  Steel  in  Crucibles. 

XI. — Production  of  Crucible  Steel  in  Great  Britain  since  the  year  1873. 


Table  I. 
Mills  aio)  Foboes. 

Quantities  of  Bar  Iron  made  in  each  county  in  England  and  Wales  in  the 

year  1750.* 


Counties. 

Quantities. 

Counties. 

Quantities. 

Tons. 

Tons. 

Breconshire    . 

350 

Brought  forward  .     . 

7,180 

Caermarthenshire      .     . 

480 

Monmouthshire 

2,000 

Cardiganshire 

120 

Montgomeryshire      .     . 

200 

Cheshire    . 

640 

Nottinghamshire    . 

370 

Denbighshire 

280 

Northumberland        .     . 

120 

Derbyshire        .        .     . 

640 

Pembrokeshire 

240 

Duxnam 

250 

Shropshire.        .        .     . 

2,260 

Flintshire .        .        .     . 

200 

Surrey  and  Kent    . 

1    ...■^ 

Gloucestershire 

1,120 

Sussex       .        .        .     . 

...t 

Glamorganshire         .     . 

1,100 

Staffordshire  . 

1,990 

Herefordshire 

1,000 

Warwickshire    .        .     . 

300 

Hampshire         .        .     . 

250 

Worcestershire 

1,580 

Lancashire     . 

Carried  forward    .    . 

750 

VorVfthirA 

Total 

2,560 

7,180 

1 

18,800 

*  For  number  of  Forges  in  each  county  and  production  of  bar  iron  see  Table  II. 
f  Quantities  not  ascertained. 
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Table  II. 

*'A  List  of  the  FoRaES  in  "Enqlaitd  and  WaXiES  in  1750 ;  with  an  acamnt  of 
the  quantity  of  BAB-lfiON  they  make  annuaUy  according  to  the  heat  infor^ 
motion  that  could  he  got  on  a  strict  inquiry ^  hlanka  being  Uftfor  the  quantity 
made  yearly  at  different  placesy  whereof  we  could  not  have  a  certain  account. 
The  FOBOES  in  Scotland  are  not  included.** 

The  oiiginal  dcxsument  of  which  this  is  a  copji  is  in  the  possession  of  Samnel 
Timmins,  Esq.,  of  Elvethan  Lodge,  Birmingham,  who  courteously  placed  it  at  the 
service  of  the  author  for  publication. 


Bbeconshire. 


Tons. 
150 

:iOO 


Tanner's  Forge 

Llanelly      .... 

Caebmarthenshibe. 

Kidwelly  .  .        .100 

Whitland 100 

Cymdwyfran    .  .        .120 

Cambrayne 60 

Lannoyaine     ....     100 

Cabdioakshibe. 
Lanfrede 120 


Cheshibe. 


Crana^  . 

Wanmngham 

Lea. 


200 
300 
140 


Denbighshibe. 

Pontablne 200 

Wrezham        ....      80 

Debbyshibe. 

Barton  Fields     .        .        .     .  120 

New  Mills       ....  250 

Plesley 150 

Stayeley 120 

Dttbhaic. 
Winlaton\ 

SwaUwell^ 250 

Teams      ) 

Flintshibe. 

Badvary 200 

Glouoestbbshibe. 

Lidney 350 

lidbrooke,  Three  Forges  350 

XJpleadon 120 

Tortworth        ....  150 

Flaxley 150 


Tons. 

Brought  Forward  .        .    4,080 

Glamobqanshibe. 

Forrest 200 

Aberavan 350 

Velin  Griffy's  .        .        .        .300 
New  Forge 250 

Hebefobdshibe. 

NewWeaxe     ....    350 
Brinffwoode  450 

Landiloe 200 

Hamfshibe. 

Sowley 50 

Tiohfield 200 

liAyOAflFTRE. 

Cunsey 120 

Backbarrow     ....  260 

Sparke  Bridge     .                 .     .  120 

Coniston 80 

Caton 50 

Burgh 120 

MomCOUTHBHIBE. 

Malion  and  Tredegar, 
Three  Forges 
Pont  Pool 

Tuiton,  Two  Forges 
Monmouth 


i 


600 

700 
300 
400 


Carried  Forward 


4,080 


MONTGOMEBYSHIBE. 

Mattrayil 200 

Dolobran         

NOTTHraHAHSHIBB. 

Bulwell 150 

Carburton  .220 

Clipton  

Ouckxiey  •  .... 

Carried  Forward    .        .    9,750 
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A  List  of  the  Fobges  in  England  and  Wales  in  noO--^continued, 


Brought  Porwaid    . 

NOKTHUICBEBLAND 

Darwincoat 

Pembrokeshire 

Blackpoole 

Coiducore  is  rebuilding 

Shropshire. 

Cloebury. 

liongnor 

Upton 

Oolebrookdale 

Witheford 

Sutton 

Tern 

Kaynton 

Norton 

Winnington 

Prescot 

Lizard 


Surrey  and 

Touchley 

Barden 

Mr.  Johnston's 

Mr.  Gkile's  . 

Mr.  Dibble's    . 

Shingley 

Popbole   . 


Kent. 


Sussex. 


Biyelham 
Hawkesden 
Brightlin 
Burwash  . 
Westfield     . 
Marshfield 
Woodcock   . 


TODB. 

9,750 
120 

240 


250 
140 
260 
150 
250 
260 
150 
250 
150 
100 
100 
200 


Brought  Forward  . 
Staffordshire. 


Carried  Forward 


.  12,370 


Consall    . 
Hints. 
Cannock  . 
Bromwiche . 
Little  Aston 
Corngreye  . 
Coven 
Heath 
Whittington 
Swiner 


Warwickshire. 


TCIDI. 

12,370 


300 
250 
ISO 
300 
100 
120 
100 
200 
300 
140 


Bromford 

Clijfford  .    .        .        .        , 

Worcestershire. 

Shellery  .... 

Wildon        .        .        .        . 

Jennypole 

Lower  Milton 

Woolverley 

Cookley       .        .        .        . 

Cradley  and  Lye 

Powick        .        .        .        . 


300 


Yorkshire. 


Atterdijffe 
Colnbridge  . 
KirkstaU 
Waddesley  . 
Kilnhursc 
Wortley      . 
Boach  Abbey 
Mousehole  . 
Seamore  . 


350 
450 
450 
400 
300 
300 
160 
150 


260 
150 
160 
200 
220 
350 
60 
60 
120 


Total  . 


18,800 


MALLEABLE  IRON  WORKS. 


84.3 


Table  III. 

Malleable  Ikon  Works. 

Showing  the  Number  of  these  Works,  the  Number  of  Puddling  Furnaces  and 
Jiolling  Mills  in  Cheat  Britain  in  each  year  since  1861. 


Year. 

Xuniber  of 

Ntunber  of  Pud- 

Number of 

Worlw. 

dling  Fania(»s. 

Rolling  Mills. 

1861 

213 

4,147 

439 

1862 

217 

4,832 

647 

1863 

223 

5,013 

654 

1864 

248 

6,338 

705 

1865 

252 

6,407 

730 

1866 

256 

6,239 

826 

1867 

254 

6,009 

831 

1868 

247 

5,903 

831 

1869 

245 

6,243 

859 

1870 

255 

6,699 

851 

1871 

267 

6,841 

866 

1872 

276 

7,311 

1,015 

1873 

287 

7,264 

939        1 

1874 

298 

6,803 

866 

1875 

314 

7,575 

909 

1876 

312 

7,159 

942 

1877 

300 

6,796 

935 

1878 

232 

•     5,125 

830 

1879 

314 

5,149 

846 

1880 

[314 

5,134 

855 

Table  IV. 

Bessemer  Steel  Works. 

List  of  Works  in  Great  Britain  in  the  Year  1880,  giving  the  Number  of 

Converters  and  their  Capacity. 


No. 


1 
2 
3 
4 
5 

6 

7 


Name  and  Situation  of  Works. 


Bessemer,  Henry  and  Co.,  Sheffield 

Bolckow,  Yaughan  and  Ck).,  Limited  .  .    . 

Brown,  John  and  Co.,  Limited,  Sheffield 

( Brown,  Baylev,  and  Dixon,  Limited,  Sheffield  Steel 

I     and  Iron  Works 

( Cammel,  Charles  and  Co.,  Limited,  Cyclops  Works, 
)     Sheffield     ........ 

I  Cammel,  Charles  &  Co.,  Limited,  Yorkshire  Works, 

I     Sheffield 

Weardale  Iron  Co.,  Tudhoe,  Ferryhill        .        .    . 


Number 
of  Con- 
verton. 


anacity 
>rCon- 


▼ertora. 


2 
2 
4 
2 
4 
2 
2 
4 


2 
2 
2 


Tons.  Cwts. 

3  0 
5  0 
8    0 

15    0 

7  10 
10    0 

4  0 

8  0 

4  0 

5  0 
7  0 
2  10 
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Table  IV. — continued. 


No. 


8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 
23 
24 
25 
26 
27 


Name  and  Situation  of  Worka. 


•  

(  Glasgow,  The,  Bessemer  Steel  Co.,  Liinifced,  Atlas 

)     Works,  Glasgow 

Fox,  Samuel  and  Co.,  Stockbridge  Works,  Sheffield 
'  Patent  Shaft  and  Axletree  Co.,  Limited,  Monway 

Works,  Wednesbury 

Bolton  Iron  and  Steel  Co.,  Limited,  Bolton,  Lan- 
cashire         

London  and  North  Western  Bailway  Co.,  Crewe 

Works,  Cheshire 

Manchester,  Sheffield,  and  Lincolnshire  Bailway 

Co.,  Gorton  Works,  Manchester 
Mersey  Iron   and    Steel  Works,  Toxteth  Park, 

Liverpool 

Manchester  Steel  and  Bailway  Plant  Co.,  Gibraltar 

Works,  Newton  Heath,  Manchester  . 
Barrow  Hematite  Steel  Co.,  Barrow  Works,  North 
Lancashire . 

Dowlais  Iron  Co.,  Dowlais  Works,  Glamorganshire 

West  Cumberland  Lx>n  and  Steel  Co.,  Workington 

( Steel,  Tozer,  &  Hampton,  Limited,  Phoenix  Works, 
(     The  Ickles,  near  Sheffield 

I  Camforth  Hematite  Iron  Co.,  Limited,  Camforth, 

I     Lancashire 

\  MuUer,  Charles  Emile,  Erimus  Steel  Works,  Mid- 

\     dlesborough 

Darlington  Iron  Co.,  Darlington     .... 
( Moss  Bay  Hematite  Iron  and  Steel  Co.,  Working- 

\     ton,  Cumberland 

Ehymney  Iron  Co.,  Monmouthshire 

( Blaenavon  Iron  and  Steel  Co.,  Blaenayon,  Mon- 

)     mouthshire 

The  Standard  Iron  and  Steel  Co 

Ebbw  Vale  Co.,  Ebbw  Vale,  Monmouthshire      .     . 


Number 
of  Con- 
verters. 


2 
2 
4 

4 

2 
4 

8 


8 

2 
2 
2 
2 
2 
2 
2 
2 


2 

2 

3 

3 

2 
2 
4 


I. 


Cai^acity 
ofCon- 
Tertors. 


TonB.CwtB. 

3  0 

5  0 

3  0 

5  0 

3  0 

3  0 

5  0 
3  0 

7  0 

7  10 

6  0 
o  0 

8  0 


6 
8 
4 
2 


0 
0 
0 
0 


6    0 

6  0 

•  •  • 

8    0 

7  0 

8  0 

•  •• 

8     0 

10     0 


Table   V. 
Peoduction  of  Bessemer  Steel  in  Cheat  Britain  in  each  year  atnce  1871. 


Year. 

Bessemer  SteeL 

Tear. 

Bessemer  Steel. 

Tons, 

Tons. 

1871 

329,000 

1876 

700,000 

1872 

410,000 

1877 

750,000 

1873 

496,000 

1878 

807,627 

1874 

540,000 

1879 

834,511 

1875 

620,000 

1880 

1,044,382 

PBODUCnON  OF  STEEL. 
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Table  VI. 

Fbodxtotion  of  Bessemsb  Steel  in  each  district  in  Great  Britain  in  the 

[years  1S19  and  IS80* 


District 

1879. 
Bessemer  SteeL 

1880. 
Bessemer  Steel. 

South  Wales  . 
Sheffield    .... 
T^ncashire 

Cumberland      .        .     . 
North  East  Coast  . 
StafiPordshire              .    . 

Total . 

Tons. 
252,573 
210,346 
152,130 
127,163 
85,299 
7,200 

Tons. 
308,233 
273,365 
167,870 
140,869 
144,000 

10,045 

834,711 

1,044,382 

Table  VII. 
Siemens'  Steel  Works. 

List  of  Fibms  who  are  manufacturers  of  Steel  hy  the    Open-Hearth   Sted 
Melting  Process,  vfith  the  number  ofFuma€es  erected  hy  each. 

Ko.  or 

lAXa  AKD  BITUATIOR   OF  WORKS.  FURHAOIS. 

The  Landore  Siemens  Steel  Co.,  Limited,  Landore  24 

Messrs.  Tickers,  Sons,  and  Co.,  Limited,  Sheffield  .        .  10 

The  Steel  Co.  of  Scotland,  Limited,  Glasgow      ...  20 

Sir  Joseph  Whitworth  and  Co.,  Limited,  Manchester  5 

The  Panteg  Steel  Works  and  En^neering  Co.        .        .  13 

The  London  and  North  Western  Kailway  Co.,  Crewe      .  5 

The  Bolton  Iron  and  Steel  Co.,  Limited,  Bolton     .        .  3 

Messrs.  Charles  Cammell  and  Co.,  Sheffield       ...  6 

Messrs.  John  Spencer  and  Sons,  Newcastle     ...  2 

The  Dowlais  Iron  Co.,  Dowlais,  Glamorganshire        .     .  6 

The  Bowling  Lx)n  Co.,  Limited,  Bradfora       ...  2 

The  Bailway  Steel  and  Plant  Co.,  Limited,  Manchester  2 

The  Butteiiey  Co.,  Alfreton,  Derbyshire    ....  3 

Sir  John  Brown  and  Co.,  Limited,  Sheffield    ...  1 

The  Albion  Steel  and  Wire  Co.,  Limited,  Sheffield     .     .  2 

Messrs.  Wright  Buller  and  Co.,  Elba  Steel  Works,  near )  . 

Swansea         .        .        .        .        .        .        .        .      ) 

Messrs.    White    and    Challingsworth,    Pontymister,  I  « 

Newport,  Monmouthshire ) 

Messrs.  E.  Morewood  and  Co.,  Llanelly,  Glamorganshire  2 

Messrs.  W.  and  T.  Beardmore,  Glasgow         ...  5 

Messrs.  John  Williams  and  Co.,  Wishaw    ....  3 

Mr.  James  Butler,  Middlesborough-on-Tees  ...  1 


•  u 
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846 


APPENDIX  III. 


Table  VII. — continued. 


KAKB  AVD  SITUATION  OV  WORKS. 

The  Barrow  Hematite  Steel  Co.,  Limited,  Barrow, ) 
Lancashire ] 

The  H.  P.  Horse  Nail  Co.,  Limited,  London  . 

The  Mossend  Iron  Co.,  Holytown,  N.B 

Mr.  David  Colville,  Motherwell,  N.B 

The  West  Cumberland  Iron  and  Steel  Co.,  Limited, ) 
Workington ( 

The  Consett  Iron  Co.,  Limited,  BlackhiU 

The  Shotts  Iron  Co.,  Carluke,  N.B 


KG.  OF 

ruBiTAGn. 


1 

4 
4 


2 
1 


Table  VIII. 

Pbobitction  of  Ofen-Heabth  Steel  in  Great  Britain  in  the  year  1880 

and  seven  previous  years,* 


Year. 

Quantities. 

Year. 

Quantities. 

1873 
1874 
1875 
1876 

Tons. 

77,500 

90,500 

88,000 

128,000 

1877 
1878 
1879 
1880 

Tons. 
137,000 
175,000 
175,000 
251,000 

The  details  of  production,  with  the  number  of  Open-Hearth  Fumaoes  in 
each  dislxict  in  the  years  1879  and  1880  appear  in  the  following  retam : — 


Table  IX. 

Production  of  Open-Hearth  Steel  in  each  district  in  Great  Britain,  m 

the  years  1879  and  1880 :— ♦ 


Districts. 

Open  Hearth  Furnaces. 

Ol)en  Heartii  Steel. 

1879. 

1880. 

1879. 

18S0. 

South  Wales  . 
Scotland    .        .        .     . 
Sheffield         .        .        . 
Lancashire  and  Cheshire 
North  East  Coast      .    .. 
Other  Districts 

Total     .        .    . 

Nos. 
48 
16 
15 
12 
5 
6 

Nos. 
49 
36 
19 
14 
5 
3 

Tons. 
85,000 
50,000 
21,000 
15,000 
1,000 
3,000 

Tons. 

116,000 

84,500 

23,500 

19,500 

3,200 

4,300 

102 

126 

175,000 

251,000 

♦  "  British  Iron  Trade  Association,"  Report,  1880,  pp.  34,  35. 
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Table  X. 

List  of  Fibhs  who  employ  the  **  Siemens  Beqexeratiye  Gas  Fobnaoes 

/or  melting  Sted  %n  CriicihleB, 

Yorkshire. 

Messrs.  Tickers,  Sods,  and  Co.,  Limited,  ShefiBleld. 

Messrs.  Sanderson  Brothers  and  Co.,  Limited,  Sheffield. 

Mr.  Bobert  Marsden,  Sheffield. 

The  Monkbrid^  Iron  Co.,  Leeds. 

The  Bowling  £on  Co.,  Limited,  Bradford. 

LANCASniRE. 

The  Bolton  Iron  and  Steel  Co.,  Limited,  Bolton. 
The  Mersey  Steel  and  Iron  Co.,  Limited,  Liverpool. 
The  Steel  Casting  Co.,  Limited,  Barrow-in-Furness. 

Cumberland. 

The  West  Cumberland  Iron  and  Steel  Co.,  Limited,  Workington. 

Staffordshire. 

The  Patent  Shaft  and  Axle  Co.,  Old  Park,  Wednesbmy. 

Shropshire. 

Messrs.  Nettlefolds,  Limited,  Castle  Iron  Works,  Wellington. 

Durham. 

Messrs.  John  Spencer  and  Sons,  Newcastle-on-Tjrne. 

Monmouthshire. 

Ebbw  Yale  Co.,  Ebbw  Yale,  Monmouthshire. 

Reoenerative  Gas  HEATiKa  Furnaces. 

The  Low  Moor  Works,  Bradford. 
Camforth  Hematite  Iron  Co.,  Oamforth. 
Messrs.  Samuel  Fox  and  Co.,  Limited,  Sheffield. 
Messrs.  B.  Johnson  and  Nephew,  Bradford,  Manchester. 


99 


Table  XI. 

Production  of  Crucible  Steel  $ince  the  year  1873,   in  the  Worki  in 
Qreat  Britain  by  the  Siemene  Begenerative  Oae  Furnaces, 


Yf«r. 

crucible  SteeL                Year. 

Cradble  Steel. 

1873 
1874 
1875 
1876 

Tong. 
5,900 
3,300 
4,000 
4,150 

1877 

1878 

1879 

,        1880 

Tons. 

3,900 

2,980 

2,900 

.  3,050 

Sheffield  still  continues  to  be  the  chief  centre  of  this  industry ;  and  it 
further  appears  that  during  the  year  1880  nearly  1,500  tons  of  Steel  were 
made  in  tnis  locali^^  by  a  process  patented  by  Mr.  W.  B.  Hadfield  and 
described  as  a  combination  of  the  Bessemer  and  Siemens  processes.'*^ 

*  "  British  Iroi^  Trade  ABSOciation,**  Beport,  1880,  p.  37. 
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»» 


The  earliest  establishment  engaged  in  this  industry  appears  to  haye  been 
founded  in  this  country  about  the  year  1720  at  Fontypool  in  Monmouthushire. 
The  art  of  tinning  was  early  practised  in  the  kingdom  of  Bohemia  in  the 
beginning  of  the  17th  century,  it  is  said  about  the  year  1620,  and  some  years 
later  the  art  was  introduced  into  the  kingdom  of  SeLxony.  The  art,  as  pre- 
Tiously  stated,  was  introduced  into  this  country  about  the  year  1720 ;  it  was 
not,  however,  until  the  year  1728  that  any  considerable  adyanoe  was  made, 
when  Mr.  John  Payne  invented  a  process  for  rolling  iron ;  this  appears  to 
have  been  further  supplemented  by  the  grooved  mills,  invented  about  the 
year  1783,  by  Mr.  Henry  Ck>rt.  Many  years,  however,  passed  away  before 
Cort's  invention  was  folly  appreciated.  Mr.  Beynolds,  of  the  Ketley  Iron 
Works,  in  Shropshire,  erected  the  first  of  Cort's  Bolls,  and  about  the  year 
1790  Mr.  Bichaxd  Orawshay  erected  rolling  mills  at  Gyfarthfa,  in  Glamorgan- 
shire.* 

The  selection  of  iron  for  the  making  of  the  various  descriptions  of  tin 
plate  is  of  the  utmost  importance,  the  great  tests  of  quality  bemg  ductility, 
strength,  and  a  peculiar  crystalline  structure  and  grain,  weU  known  to  the 
tin-plate  manufacturer. 

The  greatest  care  is  taken  to  reject  any  plate  at  all  fisiulty,  after  it  has 
passed  through  the  various  processes  necessary  in  its  preparation  for  tinning. 
This  faulty  condition  is  observed  in  the  passage  of  the  plate  through  the 
chilled  rolls  after  being  freed  from  rust,  or  scale  of  oxide  iron,  formed  in  the 
previous  operations  through  which  the  tin  plates  pass  in  heating  and  re- 
heating in  the  furnace,  and  cleansing  in  the  acid  batn. 

In  the  process  of  tinning.  Dr.  Percy  t  says:  "About  8  or  8^  lbs.  of  tin 
are  used  on  an  average  per  box  of  tin  plates,''  and  that  *'  the  quantity  of 

*  The  process  of  manufacture,  tin  plates,  charcoal  plates,  &c.,  will  be  found  fully 
described  in  Dr.  Percy's  Metallurgy,  "  Iron  and  Steel,"  p.  726. 
t  Ibid.  p.  729. 
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mixed  metal  for  terne  plates  will  TSiry  from  10  lbs.  to  11  lbs.,  aooordiag  to 
the  proportions  of  lead  employed ;  this  last-named  yariety  of  tin  plates, 
called  "  terne  plates,"  are  coated  with  an  alloy  of  tin  and  lead,  the  surface 
bein^  dull  compared  with  that  of  tin  plates.  Terne  plates  are  exported  in 
considerable  quantities  to  Canada  where  they  are  in  great  request  for  I'oofing. 
The  standard  of  quotation  is  always  taken  at  IC  (Common  No.  1) ;  this  is  a 
box  containing  225  plates,  13^  inches  by  10  inches,  which  should  weigh  1  owt. 
or  112  lbs. 


Table  I. 
Pbodxjction  of  Tix,  Terne  and  Black  Plates  in  Great  Britain. 

The  year  1870  furnishes  the  earliest  information  on  the  subject:  57  works 
were  then  in  operation  in  Great  Britain,  more  or  less  actively  employed ;  of 
these  33  fumisned  returns  amounting  to  199,782  boxes  weighing  81,477  tons, 
the  total  production  the  same  year  amountine  to  3,459,782  boxes.  In  sub- 
sequent years  the  number  of  works  were  as  follows,  the  actual  returns  being 
distinguished  from  those  estimated,  these  latter  quantities  being  arrived 
at  by  gentlemen  connected  and  intimately  acquainted  with  the  tin  plate 
manufacture : — 


Tear. 

No.  of 
Worka^ 

BOXES  RETURXKD. 

Boxes 
EstiioatecL 

Total  Number 
of  Boxes. 

Namber. 

Weiglit. 

1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 

57 
61 
69 
69 
68 
68 
75 
75 
78 
97 

Nos. 
1,444,087 
1,534,181 
1,974,989 
1,204,576 
1,601,516 
1,646,276 
1,788.549 
2,257,791 
2,631,166 
3,390,647 

Tons. 

83,917 

78,088 

116,943 

62,268 

82,490 

85,472 

86,738 

109.183 

117,970 

158,925 

Nos. 

949,204 
1,443,670 

710,056 
1,325,000 
1,350,600 
1,170,117 
2,261,201 
1,800,209 
1,619,179 
2,609,353 

Nos. 
2,393,291 
2,977,851 
2,685,045 
2,529,576 
2,952,116 
2,815,393 
4,049,750 
4,058.000 
4,250,345 
6,000,000 

In  the  year  1879,  the  78  works  engaged  in  the  various  forms  of  tin  plate 
possessed  264  mills;  of  these  222  were  in  .operation,  producing  4,250,345 
Doxes,  the  total  weight  beinja^  190,576  tons,  the  averag^e  weieht  of  each  box 
being  nearly  1  cwt. ;  while  it  was  in  the  same  year  estimated  by  the  highest 
authority  in  the  trade,  that,  had  the  works  been  in  full  activity  during  the 
year,  they  were  capable  of  producing  6,854,740  boxes. 
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Table  II. 


SmoLLBY  OF  Tnr  Platb  Works  is  Gbeat  Bbitadt  m  the  Year 

1880:— • 


Counties. 

No.  of 
WorkB. 

Mills 
Built 

Glamorganfihire          .... 

Caermaithenshire 

Monmouthshire 

Gloaoestershire 

Staffordshire  and  Worcestershire 

Scotland 

Cumberland 

Flintshire 

Total 

45 

14 

17 

6 

11 

2 

1 

1 

188 

65 
63 

'     18 
31 

0 

5 
2 

97 

377 

The  details  of  returns  received  £h)m  tin  plate  works  for  the  year  1880  hare 
been  as  follows : — 


Number  of  boxes  of  tin  and  terne  plates 
„       of  boxes  of  black  plates 


Boxss. 
.    2,478,742 
911,905 


Total  number  of  boxes   ....    3,390,647 
Actual  weight  of  the  whole  returned,  158,925  tons. 

The  tin  plate  works  which  have  not  made  returns   are  estimated 
follows : — 

BoxKs. 
The  eatimaied  number  of  boxes  of  tin,  terne,  and  black )  n  ^mx  oso 
plates I  2,609,353 

Actual  number  of  boxes  of  tin,  terne,  and  black  plates  /  ^  qoa  ^^^r 


returned  as  above 


Total  number  of  tin,  terne,  and  black  plates,  made  in  the  )  ^  ^y^v  ^^^ 
United  Kingdom  in  the  year  1880       .        .        .        ,  p,wo,ouo 

The  total  estimated  weight  of  the  whole,  237,084  tons. 


*  Mineral  statistics  of  the  United  Kingdom. 
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Table  IIL 

Glauoboaitshibe. 

The  annexed  Table  preeenU  a  Cohpletb  List  of  the  Tin  Plate  Wobxb  of 

Obeat  Bbitain  at  the  present  time,  1880  :— 


Name  of  Firm. 


Aberdulais  (Neath) 
Amman  fBiyn  Amman) 
Avon  Vale  ^Aberayon) 
Beaufort  (Morriston) 
Burrows  rTaibach) 
Cambria  (Pontardulais) 
Cil£rero  (Neath)  . 
Clydach  (Swansea)  . 
Clyne  (Neath)      . 
Cwm  Ayon  (Taibaoh) 
Cwm  Bwrla  (Swansea) 
Cwm  Felin  (Swansea) 
Dowlais  (Merthyr) 
Dyfttjn  ^Morriston). 
Foxhall  (Llansamlet) 


'9 


Oadlys  Uchaif  (Ciudiff ) 
Glamorgan  (Pontardulais) 
Glantawe  (Swansea) 
Glanyrafon  (Swansea) 
Goroeinon  (Swansea) 
GK)wer  (Penolawd) 
Gumos  (Tstalyfera) 
Landore  (Swansea^ 
Llantrissant  fCardifP ) 
Llwydarth  (Maesteg) 
Mansel  (Taibaoh) 
Margam  (Neath) 
Melyn  Griffith  (Cardiff) 
Melyn  (Neath)     . 
Merthyr  (Aberdare) 
Midland  (Morriston)    . 
Morriston  (Swansea) 
Pontardawe  (Swansea^ 
Pontardulais  (Pontardulais) 
Taibaoh  (Port  Talbot) . 
Teilo  (Pontardulais) . 
Treforest  (Pontypridd) 
Upper  Forest  (Swansea) 
Vernon  (Breton  Ferry) 
Waterloo  (Cardiff  )   . 
Worcester  (Swansea)   . 
Tnismendwy  (Swansea^ 
Tnispenllwoh  (Clydach; 
Yspitty  (Loughor  E.  8.  0 
Tstalj^era  (Swansea)  . 


) 


Joshua  Williams  &  Co.,  Limited 
Amman  Iron  Co. 
Port  Talbot  Tin  Plate  Co. 
Beaufort  Tin  Plate  Co. 
Glamorgan  Tin  Plate  Co. 
Cambria  Co-operative  Co.    . 
Prosser  Son  &  Co.,  Limited 
John  Player 

H.  Thomas  &  Co.,  Limited 
Copper  Miners'  Tin  Plate  Co. 
Swansea  Tin  Plate  Co. 
Cwm  Felin  Tin  Plate  Co.  Lmtd. 
Dowlais  Lron  Co. 
Daniel  Edwards  and  Co. 
Foxhall  Tin  Plate  Co.      . 
Hoseood  &  Smith 
WebD,  Shakespear,  &  Williams 
Glantawe  Tin  Plate  Co.    . 
Glanyrafon  Lron  &Tin  Plate  Co 
Gorceinon  Tin  Plate  Co. 
Morris,  Smith,  Thomas  &  Co. 
Gumos  Tin  Plate  Co. 
Landore  Tin  Plate  Co. 
Llantrissant  Tin  Plate  Co. 
Llwydarth  Tin  Plate  Co.      . 
Mansel  Tin  Plate  Co. 
Bobert  B.  Byass  &  Co. 
T.  W.  Booker  &  Co.,  Limited 
Leach,  Flower,  &  Co.  . 
StuartSteel,Lron,&TinPlateCo 
D.  Glasbrook  &  Co. 
Morriston  Tin  Plate  Co.   . 
W.  Gilbertson  &  Co.    . 
Pontardulais  Tin  Plate  Co. 
D.  R.  David  &  Co. 
Teilo  Tin  Plate  Co.  . 
Treforest  Tin  Plate  Co. 
Llansamlet  Tin  Plate  Co. 
David  Morris  &  Co. 
George  Geen  &  Co.  . 
Llansamlet  Tin  Plate  Co.    . 
Tnismendwy  Tin  Plate  Co. 
Tawe  Tin  Plate  Co.,  Limited 
J.  Bushton  Turnook 
Tstalyfera  Lron  Co. 


5 
4 
4 
7 
3 
1 
2 
2 
2 
8 
5 
5 
2 
6 
2 

2 
2 
2 
2 
4 
2 
7 
4 
5 
6 
6 
6 
7 
2 
3 
5 
6 
3 
2 
2 
5 
7 
8 
2 
5 
2 
5 
3 
12 


Total  of  Glamorganshire t  18tf 


3  I  2 
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Table  IV. 
Oaermabthexshibe. 


Name  of  Works. 


Name  of  Firm. 


Avondale     . 
Burry  (Llanelly) 
Caermarthen  ^Oaennaithen) 
Dafen  (Llanelly). 
GUnamman  rCwmamman) 
Gwendraeth  (Kidwelly) 
Heody  (Pontardulais) 
Lion         .... 
Llanelly  (Llanelly) 
Llangennech  (do.)    . 
Morlais  (Llangennech) 

Old  Castle  (Llanelly) 

South  Wales  (Llanelly) 
Western  (Llanelly)  . 


Total  of  Caermarthenshire 


Avondale  Iron  and  Tin  Plate  Co 
Burry  Tin  Plate  Co.,  Limited 
Thomas  Lester  &  Co. 
Phillips,  Nunes,  &  Co. 
Glanamman  Tin  Plate  Co. ,  Lim 
J.  Chivers  &  Son 
Edm.  Boughton  &  Co.,  Limited 
H.  Thomas  .... 
John  S.  Tregonning  &  Son 
Llangennech  Tin  Plate  Co.  . 
Llansamlet  Tin  Plate  Co. 
Old  Castle  Iron  and  Tin  Plate 

Co.,  Limited. 
E.  Morewood  &  Co. 
Western  Tin  Plate  Co. ,  Limited 


Total 

MilU. 

I 
4 
5 
4 
2 
10 
4 
2 
4 
8 
2 

i« 

9 


65     ! 


Table  V. 

MONHOTTTHSHIBE. 


Name  of  Works. 


Abergavenny  (Abereavenny) 
Abercame  (Wewport) 
Abertillery  (Newport) . 
Blaina  (Blaina) 
Caerleon  (Nerqwrt) 
Garth  (Newport) .    . 
Machen  (Newport) 
MoDmouth  Forges   . 
Pontnewydd  (Newport) 
Pontrhydyrun  (Newport) 
Pontheer  (Caerleon) 
Pontymister  (Newport^     . 
Pontypool  (Pontypool; 
Bedbrook  (Monmouth) 
Rhiwderin  (Newport) . 
Tydu    and    Bogerston    (New- 
port) 

Tynewydd  (Pontnewydd) . 

Total  of  Monmouthshire 


Name  of  Firm. 


Llanellylron  and  Tin  Plate  Co 
Daniel  Whitehouse  . 
PhiHp  8.  PhiUips 
Blaina  Iron  ana  Tin  Plate  Co. 
F.  Moggridge  &  Co. 
Garth  Iron  and  Tin  Plate  Co. 
Machen  Iron  and  Tin  Plate  Co 
H.  T.  Griffiths  &  Co.   . 
B.  Conway  &  Co. 
Conway  Brothers 
Conway,  Conway  &  Co.    . 
Pontymister  Tin  Plate  Co. 
Pontypool  Iron  andTin  Plate  Co 
Bedbrook  Tin  Plate  Co.    . 
Garth  Iron  and  Tin  Pkta  Co. 
Tydu  and  Bogerston  Tin  Plate 

Co 

Tynewydd  Iron  and  Tin  Plate 

Co.,  Limited     . 


ToUI 
Milla. 


2 
8 
I 

6 
2 
4 
3 
1 
2 

2 
2 
5 
8 
3 
4 


63 
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Table  VI. 
Glougesixbshibe. 


Name  of  Works. 

Name  of  Firm. 

Total 
Mills. 

Abbey  Tintem  (Chepstow)  .    j 

Caldicot  (GhepBtow)             .    . 
HawkweU  (Ginderford)    . 
Lydney  (Lydney)         .        .    . 
Lydbrook  (Bose) 
Parkend  (Iiydney)       .        .    . 

Abbey  Tmtem  Wire  and  Tin 

Plate  Co 

Caldicot  Tin  Plate  Co.      . 

J.  Chiyers  &  Co 

Biohard  Thomas  &  Co.     . 
Eiohard  Thomas  &  Co.         .    . 
Henry  Crawshay  &  Sons  . 

3 
4 
5 
2 

Total  of  Gloucestershire 

18 

Table  VIL 

stafpobbshibe  and  wobcestebshiiie ;  scotland,  cumbebland,  and 

Flintshire. 


Name  of  Works. 


Staffordshire  and  Worceitershire, 

Bradley  (Bilston) 
Broadwaters  (Kidderminster)  . 
Brockmoor  (Brierley  Hill) 
Cookley  (Kidderminster) . 
Hope  (Tipton) 

Horseley    Fields    (Wolver- 
hampton) • 
Manor  (WoWerhampton) . 
Osier  Bed         „ 
Bugeley    .        .       .        • 
Tiyidale  (Tipton) 
Wilden  (btourport)  . 


! 


Name  of  Firm. 


Hatton,  Sons,  &  Co. 


}) 


}> 


Budd  and  Co. 

John  Knight  &  Co. 

Hope  Iron  and  Tin  Plate  Co 

E.  P.  and  W.  Baldwin 

Stephen  Thompson  . 
Osier  Bed  Iron  Co. 
David  Griffiths  &  Co. 
Budd  &  Co. 
E.  P.  and  W.  Baldwin 


Total  of  Staffordshire  and  Worcestershire 


Scotland, 

Coatbridge  (Glasgow) 
Milton  (Motherwell)    . 

Total  of  Scotland 

Cumherland. 
Derwent  (Workington)    . 

Flintshtrt, 

Mold  (Flint) 
' 1 


Coatbridge  Tin  Plate  Co.,  Lim. 
Isaac  Summerhill  &  Co.  . 


W.  Griffiths  &  Co.    . 


Alyn  Tin  Plate  Co.  . 


Totol 
Mills. 


4 
2 
4 
3 
2 


2 
3 
1 
4 


31 


3 
2 


5 
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Table  VIII. 

ExPOBTS  OF  Tin  Plates  in  each  o/the/oHotnng  years,  and  Ports /roin 

which  Exported, 


Ports  fh>m 
which  Rziwrted. 

1878. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

issa 

Boxes. 

Boxes.       Boxes. 

Boxes. 

Boxes.    1   Boxes. 

Boxes.    1   Boxes.   . 

Liverpool  .    . 

1,585,012 

1,497,440  1,806,737 

1,769,313 

2,102,620  ,2,052,982 

2,115,632  2,345.247 

London  . 

251.806 

231,262 

327,800 

310,372 

357,159 

345.506 

397,.'»9 

S64.2« 

Swansea     .    . 

73,077 

41,466 

65,487 

108,616 

102,721 

109,829 

134,309 

60,162 

Briatol     . 

03,302 

110,471 

107,883 

125,082 

190,469 

213,092 

603,644 

1,032.934 

Canliff        .    . 

41,048 

130,224 

18,734 

982 

11,020 

88,258 

262,064 

162,755 

Glassow . 
Southampton . 

8,059 

4,128 

3,472 

2,875 

2,468 

3,828 

8,351 

14,496 

104,804 

105,869 

9({,505 

67,244 

34,193 

5,772 

3,970 

97.9S7 

Hull 

12,560 

19,562 

19,618 

10,263 

14,157 

15,490 

7,860 

8,476 

Newcastle . 

613 

1,838 

2,470 

5,102 

4,153 

2,698 

939 

2,836 

Newhaveu 
Total    .    . 

12,206 

1,218 

280 

189 

120 

274 

1 

59 

2,153,477 

2,143,468  2,448,986 

2,400,038 

2,819,098 

2,837,776  ,3,534,169  |4,0S9,ld0 

Table  IX. 

Experts  of  Tut  Plates  {number  of  Boxes)  from  the  United  Kingdom  to  all 
Ports,  in  each  of  the  following  ye^ars,  and  Countries  receiving  the  same. 


Countries  to 
which  Exported. 


United  States  Forts. 

Holland,  Germany, ) 
and  Belgium  .    .  ) 

Australia  and  New 
Zealand 

Italy  and  Mediter- 
ranean  .       .    . 

Canada  aiid  B.  N. 
America     . 

France  and  Switz- 
erland   .       .    . 

South  America  and ) 
Brazils       .        .  f 

Spain  and  Portugal . 

iforway,    Sweden, ) 
and  Baltic     .    .  / 

India  and  China 

West  Indies 

Cape,  Cevlon,  and) 
Mauritius      .    .  ) 

AfHca  and  Outside  j 
Islands       .        .  ) 

Unclassed  .       .    . 

Total  Boxes    . 


1876. 


1,609,515 
140,165 

69,782 

97,379 

95,684 

108,752 

52,586 

60,994 

83,233 

61,763 
10,143 

4,261 

3,919 
1,862 


18 


u. 


2,400,038 


1,943,444 
121,884 

76,855 

91,675 

167,592 

97,517 

54,402 

68,012 

88,298 

86,369 
12,891 

3,174 

4,478 
1,907 


1878. 


2,819,098 


1,931,128 
149,640 

63,578 
141,691 
103,284 

97,928 

62,676 

70,101 

103,008 

92,260 
12,033 

8,080 

6,676 
1,693 


1879. 


2,887,776 


2,756,421 
159,362 

42,081 
108,977 
120,798 

75,311 

48,537 

61,225 

81,029 

63,431 
9,346 

8,414 

4,242 
995 


1S80.   ; 


2,959,3S0 
126,805 

80,855 

196.3T7 

200,13$ 

148,914 ' 

68.661  i 

86,179 

es,147 

124,654 

13,626 

S,71S 

4,604 

2,302 


3,634,169  4.089.160 
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Table  X. 

«    Tin  Plates  Exfobted. 

Countries  to  which  exported^  Quarditiea  and  Value  in  each  of  the  years  1870» 
1875,  and  1880  (acoording  to  Trade  and  Navigation  Betums). 


Countries  to  which 
£xi)orted. 

Quantitleti. 

Value. 

1870. 

1875. 

18S0 

1870. 

1875. 

1880. 

France  .                .    . 
United  States     . 
Britiah  North  America 
Australia    . 
Other  Countries     .    . 

Totol 

Ton«. 
1,258 

75,372 
2,982 
3,136 

17,329 

Tons. 
3,186 

95,995 
4,134 
3,192 

31,856 

Tons. 

4,418 

164,284 

10,399 

4,474 
34,124 

27,135 

1,762,914 

73,740 

82,925 

421,843 

84,602 

2,541,004 

ll8,00i 

91,234 

856,538 

£ 

82,362 

3,374,010 

221,245 

95,723 

674,752 

100,077 

138,363 

217,699 

2,368,557 

3,691,382 

4,448,092 

INDEX. 


A  BERDARE  Coal,  parish  returns,  206. 

^    Iron  Works,  pig  iron  made  at, 

619. 
Adalbert  Sliaft,  Bohemia,  deoth  of,  77. 
Adderbury  iron  ore,  Oxfordshire,  produc- 
tion of,  679. 
Ages  of  persons  employed  in  coal  mining, 

812. 
Alfreton  Iron  Works,  Derbyshire,  814. 
Algeria,  iron  ore  from,  795. 
Altygowlan  coal  basin,  Ireland,  284. 
Analyses  of  Coal : — 
AnthraeUe,   SoiOh   JFalcs  .-—Bif^  Vein, 

193.~Bonville'8,    192.— Gwendraeth, 

192. — Pontyeats,  193. — Saundersfoot, 

193.— Timber  Vein,  193.— Watney's, 

193. 
Bilumiiiou8f  United  JCiiigdom : — 

Arlev,  Lancashire,  71. 

Anghabehy,  Ireland,  285. 

BaffUlt  Main,  Flintshire,  178. 

Balcarres,  Lancashire,  71. 

Ballycastle,  Ireknd,  288. 

Barnsley,  Yorkshire,  39. 

BirchffTove  Graigola,Caermarthen,  197* 

Blackley  Hurst,  Lancashire,  71. 

Black  Vein,  Monmouth,  196. 

BoYCT  Tracey,  Devon,  250. 

Bowden  Close,  Durham,  9. 

Bristol,  Somerset,  240. 

Brockwell,  Durham,  12. 

Brora,  Scotland,  268. 

Biymbo,  Denbigh,  175. 

Buddies,  Hartley,  10. 

Busty,  Durham,  12. 

Caermarthenshirc,  197. 

Charcoal  Vein,  Monmouth,  196. 

Coleford  High  Delf,  Forest  of  Dean, 
227. 

Dalkeith,  Scotland,  264. 

Darfield  Main,  Vorksbire,  40. 

Dukinfield,  Cheshire,  93. 

Dungannon,  Ireland,  286. 

Edmund's  Main,  Yorkshire,  40. 

^linton,  Scotland,  267. 

Elsecar,  Yorkshire,  40. 

Ewloe,  Flintshire,  178. 

Fordell  Splint,  Scotland,  265. 


Analyses  of  Coal — (continued.) 

Forest  of  Dean,  Gloucester,  225. 

Garesfield,  Durham,  9. 

Glamoigaiishirc,  South  Wales,  197. 

Hartley,  Durham,  8. 

Haswell,  Durham,  8. 

Haydock,  Lancashire,  74. 

Hurlford,  Scotland,  267. 

Ibstock,  Leicester,  119. 

I  nee  Hall,  Lancashire,  72. 

Langlev,  Derbyshire,  102. 

Little  bow,  Stafford,  North,  143. 

Losooe,  Derbyshire,  102. 

Masbro'  Park,  Yorkshire,  40. 

Newcastle  Hartley,  Durham,  10. 

Nixon's  Merthyr,  Caermarthen,  197. 

Oaks,  Yorkshire,  40. 

Original  Hartley,  Durham,  8. 

Park  End,  Forest  of  Dean,  226. 

Pemberton,  Lancashire,  73. 

Portland,  Nottingham,  114. 

Radstock,  Somerset,  240. 

Renishaw,  Derbyshire,  102. 

Rover,  Ireland,  285. 

Raabon,  Denbigh,  174. 

Seatou  Bum,  Durham,  10. 

Shireoaks,  Nottingham,  113. 

Shropshire,  134. 

Silkstone,  Yorkshire,  41. 

Silkstone  Brights,  Yorkshire,  42. 

Slievardagh,  Ireland,  289. 

South  Peareth,  Durham,  9. 

Splint  Coal,  Scotland,  261. 

Staveley,  Derbysliire,  102. 

Sunderland,  Durham,  10. 

Ten  Yard,  or  Thick  Coal,  Stafford- 
shire, South,  156. 

Thomas,  Merthyr,  Caermarthen,  197. 

Top,  Yard,  ana  Double,  Shropshire, 
134. 

Trenchard,  Forest  of  Dean,  227. 

Wellwood,  Scotland,  265. 

Whitwick,  Leicester,  120. 

Willington,  Durham,  9. 

Wombwell  Main,  Yorkshire,  41. 

Wrexham,  Denbigh,  175. 
Cannel:  —  Boghead,   Scotland,   179. — 

Capeldrea,  Scotland,  259.— Dovenby^ 


858 


INDEX. 


Analyses  of  Coal — (continved.) 

Cumberland,  60. — Dukinfield,  Che- 
shire, 93. — Leeswood  Curly,  Flint- 
shire, 179. — Leeswood  Smooth,  Flint- 
shire, 179.  —  Lesmahaffo,  Scotland, 
179.  ^Lochgelly,  Scotland,  259.— 
Pimie,  ScotluuC  260. — Wigan,  Lan- 
cashire, 179. 
Analysis  of  Coke  : — 

Durham,  12. 
Analyses  of  Foreign  Iron  Ores : — 

AUevard,  France,  793. 

BUbao,  Spain,  787. 

Calamita,  Italy,  796. 

Dannemora,  Sweden,  800. 

Deseada,  Spain,  788. 

Diebel,  Algeria,  794. 

Island  of  Seriphos,  Greece,  798. 

Lake  Ore,  Flaten,  Sweden,  800. 

Monges,  Portugal,  791. 

Privas,  France,  792. 

Rio  Albazio,  Italy,  796. 

Koslagen,  Sweden,  800. 

Terranera,  Italy,  796, 
Analyses  of  Iron  Ore  and  Ironstone : — 

Abbotsbur}%  Dorset,  674. 

Abercame,  Monmouth,  592. 

Adderbury,  Oxfordshire,  681. 

Arigna,  Ireland,  756. 

Auchencamc,  Scotland,  723. 

Bassy  Mine,  Stafford,  North,  500. 

Bauxite,  Ireland,  773. 

Bedworth,  Warwick,  479. 

Belmont,  Cleveland,  370. 

Black  Band,  Scotland,  721. 

Black  Bed  Mine,  Yorkshire,  W.R.,  349. 

Black  Pin,  Wales,  South,  693. 

Blaenavon,  Wales,  South,  590. 

Blisworth,  Northampton,  544. 

Billingsley,  Shropshire,  485. 

Bole,  Ireland,  763. 

Brandy  Brush,  Forest  of  Dean,  648. 

Brendon  Hills  (Calcined  ore),  Somerset, 
668. 

(Spathose),  Somerset,'667. 

Brigg,  Lincolnshire,  566. 

Brixworth,  Northampton,  544. 

Brixham,  Devonshire,  695. 

Brown  and  Black  Rakes,    Derbyshire, 
464. 

Brush  Ore,  Forest  of  Dean,  647. 

Butterley  District,  Derbyshire,  465. 

Cannel  Mine,  Stafford,  North,  501. 

Camlough,  Ireland,  768. 

Castlecomer,  Ireland^  759. 

Cheese  Mine,  Wales,  South,  597. 

Clay  Bands,  Scotland,  722. 

Cleator  Moor,  Cumberland,  419. 

Cogenhoe,  Northampton,  546. 

Culworth,  Northampton,  545. 

Donnington  Wood,  Shropshire,  482. 


Analyses  of  Iron  Ore   and   Ironstone — 

{eontintied.) 
Dowlais  Rosser   Vein,  Wales,    South, 

594. 
Dowlais  Spotted  Vein,  Wales,  South, 

595. 
Duchy  and  Peru,  Cornwall,  711. 
Dungannon,  Ireland,  757. 
Easton  Neston,  Northampton,  545. 
Eskdale,  Cumberland,  420. 
Eston,  Cleveland,  868. 
Evishacrow,  Ireland,  767. 
Fawler,  Oxfordshire,  680. 
Forest  of  Dean,  Eastern  Side,  649. 
Frank  Mills,  Devonshire,  693. 
Frodingliam,  Lincolnshire,  564. 
Fumess,  Lancashire,  438. 
Gilbrow,  Lancashire,  437. 
Glenarm,  Ireland,  768. 
Glenariif,  Ireland,  770. 
Grains,  Stafford,  South,  516. 
Gravel  Hill,  Cornwall,  712. 
Grey  Vein,  Forest  of  Dean,  647. 
Gubbin,  Stafford,  South,  516. 
Gutter  Mine,  Sfcxfford,  South,  500. 
Hareshaw,  Durham,  326. 
Haytor,  Devon,  689. 
Heyford,  Northampton,  541. 
Hutton  Low  Cross,  Cleveland,  371. 
Ingleby,  Cleveland,  373. 
Irish  Hill,  Ireland,  771. 
Knightor,  Cornwall,  707. 
LincLai  Moor,  Lancashire,  437. 
Mid-Lincoln,  Lincolnshire,  566. 
Mount,  Cornwall,  711. 
Mushet's  Black  Band,  Scotland,  720. 
Mwyndy,  Wales,  South,  602. 
Paint  Ore  (Brixham),  Devon,  69.*^. 
Park  Gate,  Yorkshire,  W.R.,  350. 
Pawxon,  Cornwall,  706. 
Perran,  Cornwall,  712. 
Pisolitic  Ore,  Ireland,  762. 
Pont^'pool  Black  Band,  Wales,  South, 

592. 
Red  Hills,  Ireknd,  775. 
Red  Mine,  Stafford,  North,  500. 
Red  Shag,  Stafford,  North,  500. 
Red  Vein,  Wales,  South,  693. 
Restormel,  Cornwall,  704. 
Ridsdale,  Durham,  326. 
Rosedale  Abbey,  Cleveland,  373. 
Saint  Austell,  Cornwall,  714. 
Seend,  Wiltshire,  676. 
Shotley  Bridge,  Durham,  826. 
Smallacombe,  Devon,  691. 
Smith  Ore,  Forest  of  Dean,  647. 
Soap  Vein,  Wales,  South,  593. 
South  Terras,  Cornwall,  715. 
Staveley  District,  Derbyslure,  467. 
Sulphury  Mine,  Wales,  South,  596. 
Treamble,  Cornwall,  712. 
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Analvscs  of  Iron   Ore  and  Ironstone — 
(cantinued.) 

Trecastle,  Wales,  South,  604. 

TrefechaD,  Wales,  North,  575. 

Upleatham,  Cleveland,  869. 

Weardale  (Spathose),  Ihirham,  827. 

Wellingborough,  Northampton,  441. 

Westbur}',  Wiltshire,  676. 

Whitchurch,  Wales,  South,  603. 

White  ned  Mine,  Yorkshire,  W.R.,849. 

White  Pins  Mine,  Wales,  South,  596. 
"Anglesea  Coal  Field." — Kamsay,   Prof., 

173. 
Anthracite  in  Blast  Furnaces. — Bndd,  Mr. 

J.  P.,  application  of,  622. 
analyses  of,  str  Analyses  of  Anthra- 
cite. 

Coal,  Pembrokeshire,  192. 

Furnaces,    Wales,    South,    Average 

produce  of,  625. — Capacity  of,  622. 

pig  iron,  625. 

Antrim  Hlack  Band  ironstone,  758. 

Coal-field,  Ireknd,  287. 

Iron  Ore  Co.'s  Mines,  Ireland,  767. 

iron  ore  deposits  of,  Ireland,  759. 

iron  ore,  working  of  deposits,  765. 

succession  of  strata,  76U. 

Apedale  Iit)u  Works,  Stafiford,  North,  506. 
Areas  of  coal-fields  : — 

Anglesea,  186. 

Bovey  Tracey,  Devonsliire,  249. 

Brecknockshire,  188. 

Caermarthensbire,  188. 

Chesliiro  {*ee  Lancashire),  68. 

Cumberland,  59. 

Denbighshire,  186. 

Derbyshire  («/r  Yorkshire),  82. 

Durham  and  Noi-thumbcrlaiid, 

Flintshire,  186. 

Forest  of  Dean,  223. 

Gloucestershire,  223. 

Great  Northern  Coal-field,  3. 

Laucasliire  and  Cheshire,  68. 

Leicestershire,  294. 

Nottinghamshire  {»ec  Yorkshire),  32. 

Scotland,  254. 

Somersetshire,  294. 

Statfordshire,  North,  140. 

Staffordshire,  South,  153. 

Wales,  North,  294. 

South,  188. 

Warwickshire,  125. 

Yorkshire  (inclnding  Derby  and  Notts), 
32. 
Arigna  Coal  Basin,  Ireland,  284. 

Ironstone,  Ireland,  213. 

Iron  Works,  Ireland,  782. 


Reports  on,  Ireland,  783,  784. 
Artesian  Well,  Potsdam,  Missouri,  77. 
Ashton  Mosa  Colliery,  Manchester,  75. 
Anchencarne  iron  ore,  Scotland,  723. 


Aughabehy  Coal-field,  Ireland,  284. 
Average  produce  of  coal  per  man  : — 

Anglesea  Coal-field,  183. 

Cheshire  „      96. 

Cumberland         „      65. 

Denbigbsldre       „      184. 

Derbyshire  „      110. 

Durham  „      29,  30. 

Flintshire  „      185. 

Gloucestershiro    „      233. 

Ireland  „       291. 

Lancashire  ,,      86. 

Leicestershire       „      123. 

Northumberland  „      29,  30. 

Nottinghamshii-e , ,      117. 

Scotland  „      280. 

Shropshire  „      138. 

Somersetshire      „      245. 

Staffordshire,  N.  „      150. 

S.  „       168. 

Wales,  North       „      185. 

South  „      221. 

Warwickshire      ,,      130. 

Yorkshire  „      52 — 54. 

Ayrshire  Coal-field,  Scotland,  266. 
**Ayr  County,  General  View  of,"  Scotland, 

Aiton,  William,  728. 


BAGILLT  Main  Coal,  Flintshire,  177. 
Ballycastle  Bay.  <*  Coal-fields  of  Great 
Britain,"  Hull,  Prof.,  284. 

Ballycastle,  black  Ixind  ironstone,  758. — 
Production  of,  778. 

Ballymurtagh  Iron  Mine,  Ireland,  776. 

Bar  iron  manufacture  at  Middlesboro,  375. 

prices  of,  in  Cleveland,  414. 

Banisley,  section  of  strata,  37. 

thick  coal,  348. 

Barrow  Urcmatite Iron  k  Steel  Co.,  Analyses 
of  ores,  438. — Mechanical  arrangements 
of,  450. 

Barrow  Iron  Works  established,  449. 

Silkstone  Colliery,  Yorkshire,  40. 

Bauxite  deposits,  Ireland,  772. — Produc- 
tion of,  778. 

Beaufort    Iron    Works,    Brecknockshire, 

>'  pig  iron  made,  1829  to  1838,  612. 

Bess^gcs  process,  coke  manufacture,  202. 

Bessemer  Steel  Works,  Crewe,  Cheshire, 
460.— Dowlais,  Glamorganshire,  629. — 
Kbbw  Vale,  628.— List  of,  in  Great 
Britain  in  1880,  848.— Lancashire,  456. 
— Monmouthshire,  626. — ShefiSeld  and 
Botherham,  368.— Old  Park  Works, 
Staffordshire,  South,  533. 

Bessemer  steel,  production  of  in  Great 
Britain :— Since  1871,  844.— In  each 
dUtrict  in  1879—80,  845. 

Biddulph  Valley  Iron  Works,  Staffordshire, 
North,  508. 


860 


INDEX. 


Bideford  anthracite,  252. 

Bilbao  iron  ore  deposits,  Spain,  785. 

Consular  Report,  789. 

Billingsley  coal,  Shropshire,  138. 
Birker  Moor  Iron  Mines,  Eskdale,  Cum- 
berland, 417. 
Birmingham  Canal  Navigation,  coal  carried, 

164. 
Black   band   ironstone,   order   of  occur- 
rence : — Scotland,  257. 
Black  vein  coal,  Merthyr :  Mr.  T.  Crowder, 

**  Analysis  by,"  196. 
Blackwell,  Mr.  S.,  of  Dudley  :  **Iron  Ores 

of  the  United  Kingdom  Ileport,"  584. 
Blaenavon  Iron  Works,  Monmouthshire, 

pig  iron  made,  1829  to  1838,  612. 
Blaina  Iron  Works,  Monmouthshire,  ])ig 

iron  made,  1829  to  1838,  612. 
Blast  furnaces,  average  prodace  of : — 

Cumberland,  432. 

Denbighshire,  581. 

Derbyshire,  473. 

Durham,  337. 

Glamorganshire,  620. 

Gi-eat  Britain  in  1880,  820. 

Great  Britain  in  1872,  817. 

Great  Britain  since  1854,  838. 

Lancashire,  453. 

Lincolnshire,  572. 

Northamptonshire,  555. 

Scotland,  740. 

Shroiishire,  493. 

Staffordshire,  North,  507. 

Staffordshire,  South,  527. 

Wales,  North,  581. 

Wales,  South  (anthracite),  625. 

Wiltshire,  685. 

Yorksliire,  North  Riding,  395. 

Yorkshire,  West  Riding,  359. 
dimensions  of,  at  Asktiam,  Lancashire, 

454. 


dimensionsof,Staffordshire,  North,  507 

Blisworth  Iron  Mines,  Northamptonshire, 

produce  of,  549. 
Blocking  Bed  coal,  Yorkshire,  38. 
Bloomiield  Iron  Works,  Tipton,  Stafford, 

South  :— "Pig  Boiling,  1811,"  533. 
**  Boat  load,"  Staffoi-dshire,  South,  160. 
Blowing  machinery,  introduction  of,  by 

Smeaton,  Scotland,  72!r. 
Bodfari,  Flintshire,  Wales,  North,  iron  ore 

deposits,  575. 
Boghead  coal,  analyses  of,  179. 
Bole  deposits,  Antrim,  Ireland,  761. 
**  Borlase  "  iron  ore  deposits  of,  Cornwall, 

702. 
Boulonnaise  iron  ore  deposits,  France,  793. 
Bovey  Tracey  Coal  (Lignite),  Devonshire, 

249. 
"Bovey  Tracey," Devonshire,  Phil.  Trans. 

— Milles,  Rev.  J.,  on,  250. 


Bovey  Tracey  Lignite,  Devonshire  : 
Analysis  of  "Boaxd  CobI,"  Percy,  Dr., 

Fuel,  251. 
Analysis  of,  by  Vans,  Mr.  F.,  250. 

Bowling  Iron  Works,  Yorkshirei  W.  R., 
founded  1780,  352. 

"  Bowling  Ironworks,"  Yoitshire,W.  R., 
Wilcock,  Mr.  J.,  on,  358. 

Brecknockshire,  Wales,  South : — ^Furnaces 
built  and  in  blast,  614. — Pig  iron  pro- 
duction, 1806,  610;  1828—1880,  611. 
—Pig  iron  made,  1829—1888,  613; 
1857—1872,  614.— Production  of  iron- 
stone, 599. 

Brendon  Hills,  Somersetshire  : — ^Ancient 
iron  ore  workings,  666. — Iron  ore  de- 
posits, 665. 

"Brendon  Hills  Spathose  Iron  Ore  and 
Mines,"  Morgans,  Mr.  on,  667. 

Bridgewater  Canal,  construction  of,  75. 

Navigation,  coal  carried  by,  88. 

Brinkbum  clay  ironstone,  Northmnber- 
land,  7* 

"British  Iron  Ores,  General  Distribution 
of,'*  by  Bauerman,  Mr.  H.,  821. 

Bristol  Coal-iield,  235. 

"Bristol  Coal-field,"  British  Association 
Report,  1875,  241. 

Bristol  coal  exports,  231. 

and  Radstock  Coal  Baan,  236. 

Brixham  Iron  Mines,  Devonshire,  693. — 
Production  of,  696. 

Brora  Coal-field,  268. 

Buckinghamshire  iron  ore  deposits,  682. 

Buckshraft  Iron  Mine,  Forest  of  Dean, 
642. 

Bunawe  Charcoal-iron  famace,  Scotland, 
726. 

Burnley  District,  Lancasliire,  coals  worked 
in,  68. 

Bute  Docks,  Cardiff,  210. 

Buttcrley  Iron  Works,  Derbyshire,  470. — 
Celebrated  for  examples  of  castings, 
47L 


CALCINATION  of  iron  ores,  Staffoid- 
shire.  North,  603. 

CJalder  Iron  Works,  Scotland,  731. 

Caledonian  Railway,  Scotland,  ooal  carried 
by,  277. 

Canal  distribution  of  South  Staffordshire 
coal,  164. 

Cannel  coals,  analyses  of.  {See  Analyses 
of  Cannel  coals). 

Coal,  Great  Britain,  pix>dnction  of  in 

1865,  182. 

Carboniferous  Limestone,  iron  ore  de- 
posits of.  {i^e  Iron  Ore  deposits  of 
Carboniferous  Limestone). 
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Carl)oiuferons  Limestone  Series,  Scotland, 

coal  seams  in,  263 
Lime8tone«coal  Series,  Northumber- 
land, 6. 

system,  Yorkshire,  82. 

Carron  Iron  Works,  Scotland,  727. 
Castleoomer  Coal  Basin,  Ireland,  288. 
Cefn   Cwse   ironstone   measures,   Wales, 

South,  589. 
Charcoal  iron  furnaces : — 

Cumberland,  428. 

Goatfield,  Scotland,  727. 

Hampshire,  686. 

Lancashire,  44. 

Monmouthshire  (1788),  607. 

Pontypool,  604. 

Scotland,  726. 
pig  iron,  make  of : — 

Derbyshire,  470. 

Hampshire,  686. 

Lancashire,  448. 
Cheadle  Coal-field,  148. 
Cheshire  coal,  analysis  o(  '*Toothill,  Mr. 

R.  S.."  93. 
—  coal,  analysis  of,    by  "Percy,  Dr., 

Metallurgy— Fuel,'*  98. 
Coal-field,  92.—"  Coal  Com.  Report," 

Dickinson,  Mr.  J.,  97. 

distribution  of  coal,  95. 

Iron  Industries,  460. 

production  of  coal,  94. 

Chromic  iron  ore,  Russia,  801. 

Chumet  Valley   iron  ore,   Staffordshire, 

North,  502. 
Cinder  iron,  Staffordshire,  South,  530. 
Cinderford  Iron  Works,  Forest  of  Dean, 

659. — Iron  ore  used  in,  664. 
Clackmannan  Coal-field,  266. 
Clapton  in  Gordano  and  Severn  Basin, 

Somersetshire,  section  of  boring  at,  287. 
Clay,   analysis  of,  Santon,   Lincolnshire, 

573. 
Cleator  Moor  Mines,  Whitehaven,  415. 
Cleveland   and   Whitby  districto,   mines 

working:  in  1880,  881. 
Coafand  iron  ore  used  in  pig  iron 

manufacture,  899. 

Bessemer  pig  iron  made,  896. 

"  Cleveland  Blast  Furnaces,*'  average  yield 

of,  Richards,  Mr.  W.,  896. 

calcined  ironstone,  analysis  of,  872. 

furnaces,  ironstone  smelted,  885. 

"Cleveland  Ironstone  District,  Resources 
ot,"  Barrow,  Mr.  G.,  Paner  on,  387. 

ironstone  field,  area  or,  868. 

"  Cleveland  Ironstone,  Memoir  on,"  Mar- 
ley,  Mr.  J.,  376. 
ironstone    mininff,    population    em- 
ployed,   "Reports  H.   M.'s  Inspectors 
of  Mines,"  885. 
■         ironstone,  yield  of  metallic  iron,  874. 


Cleveland  Iron  Works,  when  established, 

394. 

iron  Works  in  1880,  397. 

"  main  ironstone  seam,"  365. 

Malleable  Ironworks  in  1830,  418. 

mines  producing  ore  in  1880,  378 

pig  iron,  average  prices  of,  398. 

pig  iron,  distribution  of,  397. 

raw  ironstone,  analysis  of,  372. 

Clydach   Ironworks^  Brecknookshiro,  pig 

iron  made,  1829  to  1838,  612. 
Clyde  Cool  Basin,  Scotland.  257. 

Ironworks,  Glas^w,  72P. 

Valley  coal  and  ironstone  series,  258. 

Coal,  analyses  of  {^te  Analyses  of  coal). 
" average  used  in  pig  iron  manufacture, 

1871  to  1880,  818. 

average     produce    per    man    (tee 

Average  produce  of  coal  per  man). 

"Coal  and  Coal   Mining,^'    Smyth,  Mr. 

W.  W.,  289. 
Coal-fields  of  the  United  Kingdom  : 

fields,  areas  of  {»fe  £naa  of  coal- 
fields). 

first  tax  on,  1879,  2. 

and    ironstone    carried   by   North* 


Eastern  Railway,  Durham,  24. 
"  Coal  and  Ironstone  Series,  Clyde  Valley,** 

Moore,  Mr.  W.,  on,  258. 
"  Coal  and  Ironstone  Strata  of  Scotland,'^ 

Geikie,  Mr.  J.,  on,  256. 
Coal  and  ironstone  used  in  pig  iron  manu- 
facture : — 

Cleveland  district,  899. 

Cumberland,  482. 

Derbyshire,  475. 

Durham  and  Northumberland,  343^ 

Forest  of  Dean,  663. 

Great  Britain,  813. 

Great  Britain  in  1840,  886. 

Lancashire,  458. 

Lincolnshire,  572. 

Muirkirk,  Scotland,  748. 

Northamptonshire,  556. 

Scotknd,  since  1872,  752. 

Shropsliire,  497. 

Staffordshire,  North,  509. 

Staffordshire,  South,  527. 

Wales,  North,-  582. 

Wales,  South,  640. 

Wiltshire,  685. 

Yorkshire,  North  Riding,  402. 

Yorkshire,  West  Riding,  868. 
Coal,   cinders,    and  culm  sent  coastwise 

since   1884  :— England,   807.— Ireland, 

807.— Scotland,  807. 
y  coke,  cinders,  and  patent  fuel  ex- 
ported, 810. 
^—  coking  {»re  Coking  coal). 
"Coal   Committee    Report,    1878,"    coal 

used  in  pig  iron  manufacture,  816. 
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•Coal  crashing  and  washing  in  Coke  manu- 
facture, Lancashire,  453. 

dee&-winning,  at  Harris'  Navigation 

Pits,   brown  and  Adams,  Messrs.,  on, 
206. 

distribution  of  {»ee  Distribution  of 

coal). 

economy  of,  by  Cowper's  and  Whit- 


weirs  stoves,  819. 
economy  in   pig 


iron    manufacture 


since  1871,  819. 

—  exported  to  foreign  countries,  1816  to 

1832,  308. 

exported  to  foreign  countries,  and 


value,  since  1856,  310. 
Coal-fields  of : — 

Cheshire,  92. 

Cumberland,  59. 

Derbyshii-e,  99. 

Devonshire,  249. 

Durham,  1. 

Gloucestershire,  223. 

Ireland,  288. 

Lancashire,  68. 

Leicestersliire,  118. 

Monmouthshire,  188. 

Northumberland,  1. 

Nottinghamshire,  111. 

Scotland,  254. 

Shropshire,  132. 

Somersetshire,  235. 

Staffoi-dshire,  North,  140. 

Staffordshire,  South,  153. 

United  Kingdom,  294. 

Wales,  North,  172. 

"Wales,  South,  188. 

Warwickshire,  125. 

Yorkshire,  32. 
Coal  first  sent  to  London,  1. 

Household,  Durham,  7. 

Pit  Heath,  Gloucestershite,  237. 

previously  coked,  used  at  Coalbrook- 

dale  by  Darby,  487. 
production   of  (see   Production    of 

Coal). 

Slievardagh,  289. 

strata  {see  Strata,  Section  of). 

used  in  Edward  III.'s  time,  2. 

used  in  Malleable  Iron  Works  (see 

Malleable    Iron    Works,     coal     used 

in). 
washing  apparatus,  Pemberton  Col- 
liery, 79. 
-^—  w^rought  under  the  sea : — 

Monkwearmouth,  18. 

Workington,  Cumberland,  60. 
Coalbrookdale  Coal-field,  132. 
—  Ironworks,  487. 

Ironworks,  when  established,  495. 

Coke,  experiments  on,  Clarence  Ironworks, 

11. 


Coke,  manufacture  of.   Almond    Woifcj^ 
Scotland,  749. 

Bainbridge,  Mr.  E.,  on,  201. 

Bess^ges  process,  Belgium,  202. 

Durham,  14. 

Ebbw  Vale,  Copp6e  process,  199. 

Production  of,  Durham,  IS,  15. 
omercotes  Works  by  Mushet,  Mr. 
D.,  470. 

Wigan  Coal  and  Iron  Co.,  452. 

yield  per  cent  from  Durham  Coals, 


13. 


Ynysawdre  Coal  Co.,  201. 


Coking  Coal : — 

Besses  process,  202. 

Copp%  process,  199. 

Lancashire,  453. 

Ordinary  process,  13. 

Tyne  and  South  Durham,  10. 

Yield  of  Glamorganshire  coal,  198. 

Yield  of  Monmouthshire  coal,  196. 
Collieries,  number  of : — 

Anglesea,  181. 

Bristol  and  Somerset,  245. 

Cheshire,  94. 

Cumberland,  63. 

Denbighshire,  181. 

Derbyshire,  104. 

Flintshire,  181. 

Forest  of  Dean,  228. 

Ireland,  291. 

Lancashire,  78. 

Leicestershire,  120. 

Monmouthshire,  205. 

Nottinghamshire,  115. 

Scotland,  270. 

Shropshire,  134. 

Somersetshire,  244. 

Staffordshire,  North,  146. 

Staffordshire,  South,  159. 

United  Kingdom,  296 

Wales,  North,  181. 

Wales,  South,  205. 

Warwickshire,  127. 

Yorkehire,  44. 
Colliery  Guardian,  prices  of  finished  iion, 

537. 
Concealed    Coal-fields,     coal    remaining 

unwrought,  315. 
''Connaught  Coal-field,"  Griffith,  Sir  R., 

781. 
Consimiption  of  Coal,  Soutli  StaffonUiire 

collieries,  163. 
Copp4e  process^  coke  manufacturey  199. 
ComAvali  iron  industries,  702. 
— —  price  of  iron  ore,  715. 

St.  Austell  iron  ore  deposits,  714. 

situation  of  the  principal  iron  mines, 

716. 

Tregome  iron  lode,  713. 


"  Cowper  Stoves,"  description  of,  399- 
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Cowper's  and  Whitwell's  Stoves,  economy 

in  use  of  fuel  by,  819. 
Crane,  Mr.  G.,  application  of  anthracite  in 

blast  famace,  622. 
Crewe,     engineering    and    metallui^gical 

works  at,  460. 
Cronebane  Iron  Mine,  Ireland,  776. 
Cumberland  coal-field,  59. 
**  Cumberland  Coal-field,"  Coal  Commission 

Report,  66. 
<<  Cumberland  Coal-field,"  Reports  H.  M. 

Inspectors  of  Cool  Mines,  65. 
^—History  and  Antiquities  of— Hutchin- 
son, 428. 
— ^  Iron  industries,  415. 

Iron  mines,  list  of,  in  1880.  426. 

Iron  ore  conveyed  to  Iron  Works  and 

shipped,  426. 
iron  ore  deposits,  Roanhead  Mines, 

436. 
^'Cumberland  iron  ore  deposits,"  Wurz- 

buiver,  Mr.  P.,  on,  416. 

Iron  ore  used  in  furnaces,  484. 

Iron  Works,  when  established,  430. 

Iron  Works  and  furnaces  in  1880, 

433. 
^—  Fig  iron  manufacture,  428. 

Fx^uoe  of  coal  per  man,  65. 

West,  Steel  Works,  431. 

Oyfarthfa  Iron  Works,  Account  of.  621. 
Cyfarthfa  Iron  Works,    Glamorganshire, 

Pig  Iron  made  1829  to  1839,  619. 


TVALZIEL  Steel  Works,  near  Glasgow, 
•*<    Account  of,  745. 
Dannemora  iron  mines,  Sweden,  799. 
Darby,  A.,  "  Use  of  pit  coal  for  smelting 

iron,"  487. 
De  la  Beche^  on  ''Devon  and  ComwalV' 

263. 
Deep  Shafts  {see  Shafts,  Deep). 
De  lA  Beche  and  Playfair. — "  Coals  suited 

to  the  Steam  Navy,"  195. 
Denbighshire  Coal  Field,  172. 

production  of  ironstone,  576. 
production  of  pig  iron,  578. 

succession  of  strata,  577. 

Derbyshire,  analyses  of  ironstones,  464. 
Coal-field,  99. 

Coals,  Analyses  of  Report — "  Coals 
■oited  to  the  Steam  Navy,^'  102. 

Coal,  Canal  and  Railway  distribution, 
107—108. 
*'  Derbyshire,  General  View  of,  fcc,"  John 

Farey,  1811,  475. 
Derbytuiire  ironstone  measures  or  "  rakes," 
462. 

.  Iron  industries,  462. 

Iron  works,  when  established,  470. 


Derbyshire,  list  of  Iron  Works  in,  1796» 
470. 

list  of  Iron  Works  in,  1851,  472. 

mills  and  forges,  list  of,  in  1806,  474. 

mills  and  forges,  list  of,  in  1880, — 

coal  used,  475. 

pig  iron  manufacture,  469. 

production  of  coal,  "Mineral  Statis- 
tics," 104. 

production  of  pig  iron  since  1855,  473. 


•*  Deroyshirc,  view  of,"  by  Farey,  J.,  103 
"  Derbyshire,  \'iew  of,"  Pilkington,  quoted, 

103. 
Devon  Iron  Works,  Scotland,  730. 

North,  iron  ore  deposits,  698. 

Devonshiro  coal  and  lignite  deposits,  249. 

iron  industries,  688. 

iron  mines,  producing  oro  in  1880» 

699. 

iron  ore  deposits,  692. 

iron  ore^  distribution  of,  700. 

iron  ores,  value  of,  699. 

iron  ore,  yield  of  metallic  iron,  701. 

Sroduction  of  iron  ore,  699. 
ution  of  coal ; — 

Cheshire,  96. 

Cumbei'land,  64. 

Derbyshire,  103. 

Durham,  17,  19. 

Durham,  early  account  of,  20. 

Durham,  coastwise  and  exported,  22,  23. 

Durham,  by  Great  Northern  and  Fur- 
ness  railways,  25. 

Forest  of  Dean,  230. 

Lancashire,  80. 

Leicestershire,  120. 

Nottinghamshire,  116. 

Scotland,  268. 

Scotland,  coastwise  and  exported,  278. 

Shropshire,  135. 

Staffordshire,  North,  146. 

Staffordshire,  South,  161. 

Wales,  North,  183. 

Wales,  South,  coastwise  and  exported, 
216. 

Wales,  South,  by  railway,  217. 

Wales,  South,  by  rail  and  sea,  210. 

of  ironstone,  Cleveland,  385. 

of  ii-on  ore,  Cornwall,  716. 

of  iron  ore,  Cumberland,  423. 

of  iron  ore,  lAUcashire,  444. 

of  ironstone  by  railway,  Lincolnshire, 

569. 
Dorsetshire  iron  ore  deposits,  673. 
Dovenby  CoUieiy,  Maryport,  60. 
Dowlais  Iron  Works,  Glamoiganshire,  615. 
Iron  Works,  Gkmoiganshire,    pig 

iron  made,  1829  to  1889,  619.  ^ 

Wales,  South,  section  of  strata,  586. 

Dronfield,  section  of  strata,   Derbyshire, 

463. 
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Drumshambo  Iron  Works,  Ireland,  782. 

Duchy  and  Peru  Mine,  Cornwall,  710. 

Dud  Dudley,  **  Metallum  Martis,"  account 
of  his  labours,  562. 

Dungannon  Coal-field,  Ireland,  286. 

**  Dungannon  Coal-field,"  Ireland,  Hard- 
man,  Mr.  £.  F.,  286. 

Durham  coal: — Carried  by  Great  Northern 
and  Fumess  Railways,  25. — Carried  by 
North  Eastern  Railway,  24. 

Coal-field,  1. 

Furnaces,  ironstone  smelted,  385. 

Iron  Works  in  1851,  335. 

"  Durham  and  Northumberland  Coal- 
field ":— Elliot,  Sir  G.,  80.— Forster, 
Mr.  T.  K,  30.— Howell,  Mr.  H.  H.,  8. 
— Inspectors  of  H.  M.  Coal  Mines,  29. 
—"Mineral  Statistics,"  19. 

Duties  on  coal,  18th  century,  2. 

Duty  on  coal  exported  to  foreign  coun- 
tries, 808. 


EAST  END  Iron  Works,  Northampton- 
shire, 552. 
East  Lothian  Coal-field,  264. 
Ebbw  Yale  Iron  Works,  Monmouthshire, 

pig  iron  made,  1829  to  1838,  612. 
Edinbuigh  Coal-field,  262. 
Elba,  Island  of,  iron  ore,  795. 
Ere  wash  Valley,  sales  of  coals,  105. 
Eskdale,  Cumberland,  iron  ore  deposits, 

417. 
Eston  (Cleveland),   production  of  mines 

since  1856,  879. 
Hill    (Cleveland),    ironstone    first 

worked,  1850,  376. 

Steel  Works  opened,  1877,  406 


Evishacrow  iron  ore  deposits,  Antrim,  Ire- 
land, 765. 
Exmoor  iron  ore  deposits,  Devon,  697. 
Export  duty  on  coals  repealed,  2. 


FAWLER  iron  ore,  Oxfordshire,  produc- 
tion of,  679. 
"  Ferrie's  Patent,"  economy  in  the  use  of 

fuel,  749. 
Fifeshire  coals,  analyses  of,  265. 

Coal-field,  265. 

Finished   iron,    prices   of,   Staffordshire, 

South,  536. 
production  in  North  of  England, 

406. 
Fire-clays,  analysis  of  Bowling,  36. 
**  Flintshire  Coal-field,'*  Hull,  Professor, 

173. 

population  employed  in  iron  mining, 


Flaxes  used  in  iron  smelting : 

Cumberland,  806. 

Durham,  805. 

Lancashire,  807. 

Northamptonshire,  809. 

Scotknd,  812. 

Staffordshire,  North,  808. 

„  South,  809. 

Wales,  South,  811. 

WUtshire,  810. 

Forei^  iron  ores  imported,  785. 

imported  into  northern  ports,  845. 

total  imports  and  value,  802. 

bauxite,  analysis  of,  803. 

,,        price  of  at  Aries,  803. 

Foreign  iron  ores,  analysis  of  {see  Analysis 
of  foreign  iron  ores). 

Forest  of  Dean : — 

Bar  iron  made ;  referred  to  in  Domes- 
day Book,  662. 

Cindeiford  Iron  Works,  659. 

"Coal  Com.  Report,'*  Dickenson,  Mr. 

J.,  234. 

-^—  duty  on  coal  exported  from,  230. 

furnaces  built  and  in  blast,  660. 

iron  mines,  produce  and  value  of  inn 

ore,  651. 

—  iron  mines  in  1880,  645. 

iron  mines,  production  of,  652. 

iron  ore,  distribution  of^  650,  655. 

distribution  of  by  railway. 


656. 


$9 


597. 


production  of  ironstone,  576. 


iron  ore  raised,  eastern  side,  655. 

„        ,,        western  side,  665. 

mineral  basin,  depth  of,  643. 

model  of,  Sopwith,  Thomas,  643. 

Park  End  Iron  Works,  659. 

pig  iron  made,  1740,  658. 

„        manufacture,  early  history,. 

657. 

pi^  iron  production,  660. 

France,  imports  and  value  of  iron  ore  from, 

794. 

iron  ore  deposits  of,  792. 

Frampton  Cotterell  mines,  produce  of  ixxm 

ore,  650. 
Frodingham  ironstone  deposits,  Lincoln- 

shire,  559. 
"Frodingham  Iron  Fields,"  Dove,  Mr., 

564. 
Furnaces  built  and  in  blast : — 

Great  Britain  since  1854,  838. 
„        „        in  1872,  817. 
„        „        in  1880,  820. 

Scotland,  since  1850,  739. 

South  Wales,  since  1854,  626. 

Yorkshire,  W.  R.,  since  1851,  359. 
Furnaces  in  Great  Britain,  average  yield  in 

1880,  820. 
Fumess  Iron  and  Steel  Ca,  Lancashire, 

mines  of,  and  ore  raised,  1872,  444. 
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/XANISTER   and  lireolay,  analyses  of, 

^^^  Halifax,  34. 

Gaaisters  and  undorclay,  Yorkshire,  34. 

Qartsherrio  Iron  Works,  Scotland,  732. 

niaterials  employed,  7.'»0. 

Gas  for  illaminating  purposes  introduced, 
8. 

Gelligaer  coal,  parish  returns,  206. 

"Geology  of  Km'ks  of  North  Lincoln- 
shire," Gi*o.ss,  Rev.  J.  E.,  660. 

Geological  distiibutioii  of  British  iron  ores, 
821. 

German  colony  of  iron  workers,  Shotley 
Bridge,  330. 

Glamoiganshire,  area  of  Coal-field,  188. 

•— —  (Anthracite  Districts),  coal  used  in 
pig  iron  manufacturo,  633. 

average  yield  per  furnace,  620 

(Bituminous  Ooal  District),  coal  used 

in  pi^  iron  manufacture,  633. 

— —  Bituminous  Districts,  pig  iron  manu- 
facture, 615. 

—  iron  ore  used  in  lAg  iron  manufac- 
ture, 639. 

Iron  Works  in  1880,  621. 

—  parish  returns,  207. 
pig  iron  made,  1796,  616. 

—  pig  iron  made,  1806,  617. 

pig  iron  made,  1823—1830,  618. 

pig  iron  motle,  1857  to  1880,  620. 

*—  pig  iron  made  and  coal  used,  1872  to 

1880,  638. 

production  of  ironstone,  599. 

Glasgow  and  North  Western  Railway,  coal 

carried  by,  277. 
Glendon  Iron  Works,  Northamptonshire, 

553. 
Glenariff  Mines,  Ireland,  Argall,  Capt,  on 

768. 
Glenravel  Mines,  Ireland,  777, 
Gloucestershire.  Bar  iron  made  and  list  of 

works  in  1750.  662. 

and  Berkeley  Canal,   cool  carried, 

232. 

Coal-field,  223. 

— ^  coal  exports,  231. 

coal  produce  per  man,  233. 

-^—  iron  industries,  642. 

iron  works  in  1830,  661. 

-^^  military  forge  established  at  Bath  by 
the  Romans,  661. 

I  production  and  value  of  iron  ore, 
651. 

"  Gloncostershire,  Survey  of,'*  Radge, 
Thomas,  232,  642. 

Goatfield  Cliarcoal  Iron  Furnace,  Scotland, 
727. 

Great  Britain.  Call  used  in  pig  iron  manu- 
facture, 813,  820. 

■        production  of  coal,  294. 

—  production  of  iruu  ore  in  1849,  420. 


Great  Northern  Railway,  distribution  of 
coal  by,  301. 

— —  Retallack  and  Duchy  Peru  Mines, 
Cornwall,  709. 

—  Western  Railway,  dLstributiou  of  coal 
by,  302. 

Greece,  iron  ow  deposits,  797. 

Greek  Iron  Works,  Royal,  Newcastle-on- 
Tyne,  797. 

Grooved  rolls,  application  of,  by  Payne,  J., 
495. 

Grosmout  ironstone  first  worked,   1838, 
375. 

ironstone  first  sent  to  Birtley,  Dur- 
ham, 333. 

Guibal  fan,  Pemberton  Colliery,  79. 

Guisborough  (Cleveland)  mines  producing 
iron  ore  since  1872,  380. 

Gupworthy  Mine,  Brendon  Hills,  Somer- 
setshire, 667. 


TTADDINGTON  Coal-field,  262. 

•*^    HainpMhiro  iron  industry,  682. 

Hampshire,  production  of  iron  ore,  682. 

Hams*  Navigation  Pits,  206. 

Haytor  iron  ore  deposits,  Devonshire,  683. 

Iron  Mine,  Devonshire,  production 

of  ore  and  value,  690. 
Heathfield.  Bovey  Traccy,  250. 
Heathen  coal,   Staflfonl,   Soutli,   used   in 

iron  manufacture,  528. 
Heunock  iron  ore,  jiroduction  and  ^lue, 

692. 

iron  ore  deposits,  Devon,  691. 

"  Hen  wood,  Mr.,  on  the  Porran  Great  Iron 

Lode,"  708. 
Hodbarrow  Iron  Mines,  Millom, production 

of,  424. 
Hot  blast,  invention  of,  by  Neilson,  733. 


"TNDUSTRIAL  Resources  of  Ireland," 
•^    Kane,  Sir  Robert,  AughaU^hy  C»kiI, 
285. — Castloeomer  ironstone,    75U. 
-•I^itrim  ironstone,   755. — Bally- 
castle  Coal-field,  288. 

**  Industrial  Resources  of  the  Tyne,  Wear, 
and  Tees,''  quoted,  16. 

"Inland  Coal  Trade,"   Report  of  Com- 
mittee, 158. 

Ireland  coal,  analyses  of  (^tr  Analyses  of 
Coal). 

Ireland,  iron  industries  of,  755. 
Iron  mines,  list  of,  188.),  7«S1. 
Iron  ore,  its  distribution,  78). 
Iron  ore  produced  in  1880,  780. 
I  ton  ore  produce  and  value,  779. 
Pig  iron  manufactured  in  1 S57,  784. 

Irish  Hill  and  Straid  Iron  Mines,  770. 
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Iron,   first   application   to   shipbtulding, 

753. 
'*  Iron,  Manufacture  of,"  Bell,  Mr.  I.  L., 

386. 
Iron  mines  in  Oumljerland  in  1880,  426. 

mining  in  Cumberland,  population 

employed  in,  427. 

mining,  |>cnions  employed,  Durham, 

329. 

mining — population    employed    in 

Lancashire,  447. 

mines,  raising  ore  in  Lancashire  in 

1880,  443. 
>  mines,  Northamptonshire,  ironstone 

raised  in  1880,  551. 
-,  on  the  Manufacture  of  Iron,  by  the 


l^sident  of  Society  of  En;nneers,  818. 
ore  and  ironstone,  analyses  of  {«re 


Analyses  of  Iron  Ore  and  Ironstone). 

—  ores  and  their  minei*alogical  charac- 
ters, Rutley,  Mr.  F.,  319. 

—  ores  of  the  carboniferous  limestone  : 
Alston  Moor,  826. 

—  ores  of  the  carboniferous  limestone  : 


Lancashire,  436 

—  ores  of  the  carboniferous  limestone 
series  :  Stiddle  Moor,  and  Ridsdale»  825. 
ore  deposits,  Eskdale,  Cumberland, 


417. 

—  ore,  mode  of  occurrence,  Antrim, 
IrelancC  760. 

—  ores,    geological   distribution    of, 
British,  Bauerman,  Mr.  H.,  821. 

ore  deposits,  Carboniferous  limestone. 


Whitehaven,  416. 

ore,  Carboniferous  limestone,  Wales, 


South,  600. 

—  ore,  Carboniferous  limestone,  Wales, 

North,  574. 

ore,  Carboniferous  limestone,  Lan- 


cashire, 436. 
—  ore.  Carboniferous  limestone,  Glouces- 
tershire, 642. 

ore,  I)alton-in-Funiess,  MouzellMine, 


446. 


—  ore  deposits,  Longford  and  Cavan, 
Ireland,  774.  • 

—  ore,  production,  Ireland,  775. 
ore  aeposits,  AVicklow,  Ireland,  773. 


ore,  distribution  of,  Lancashire,  by 

ship  and  rail,  445. 

OR',  production  of :— 

Brendon  Hills,  669. 

Cornwall,  715. 

Cumberland  mines  since  1858,  421. 

Cumberland  mines  in  1880,  422. 

Devonshire,  699. 

Forest  of  Dean,  649. 

Great  Britain  in  1849,  420. 

Limca-shirc,  1849,  420. 

Lancashire  since  1855,  442. 


Iron  ore,   Somersetshire,   production  and 

value,  since  1857,  671. 

ore  shipped  from  Wliitehaven,  423. 

"Iron  Ore     Report,  Braithwaite,  Poole, 

421. 
ore  and  ironstone  used  in  : — 

Cumberland  furnaces,  434. 

Derbyshire  furnaces,  477. 

Durham  furnaces,  344. 

Lancashire  furnaces,  459. 

North  Staffbrdsliire,  511. 

Sources  of  supply,  611. 

Yorkshire,  North  Riding,  403. 

ores.  United  Kingdom : — 

ores  from  coal  measures,  production 


in  1860,  1870,  and  1880,  827. 
—  ores  not  in  coal  measures,  production 
in  1860,  1870,  1880,  826. 

ores,  production  of,  since  the  year 


1855,  825. 

—  rails  first  used  in  collieries,  21. 

—  rails,  prices  of  in  Cleveland,  414. 
shipbuilding,  rise  and  progress  of,  753. 


Ironstone,  analysis  of  {see  Analysis  of  Iron- 
stone). 

average  produce  per  man,  Cleveland,  ^ 


386. 


577. 


average  produce  per  man,  Flintshire, 


—  average    produce    per    man,    Lan- 
cashire, 448. 

calcination  of,  Staffordshire,   South, 


629. 
"  Ironstone  Mining  in  Cleveland," Steaven- 

Hon,  Mr.  A.  L.  381. 
Ii*onstone,  Derbyshiin;,  462. 

Durham,  Wear  district,  824. 

Northamptonshire,   first  worked  in, 

547. 


—  Northamptonshire,  yield  of  metallic 
iron,  547. 

Nottinghamshire,     production    of. 


478. 

Ruabon  Coal-field,  574. 

Scotland — population   employed   in 

mining,  726. 

Shropshire,  480. 

Shropshire,  North,  Coal-field,  142. 

Staffordshire,  North,  Coal-field,  de- 


scription of,  499. 

—  Wales,  South,  production  of,  599. 

—  Warwickshire,  production  of,  479. 
Yorkshire,   West  Riding  of,   347— 


production  of  and  value,  351. 
Ironworks,  Denbighshire,  580. 

Derbyshire  in  1796,  471. 

Derbyshire  in  1880.  474. 

Durham  in  1880,  839. 

Lancashire,  list  of,  1880,  454. 

Lincolnshire,  670. 

Northamptonshire,  1880,  555. 
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Ironworks,  Korthumberland,  lu  1880,  SS8. 
— Production  of  pig  iron  in  1796,  832. 

Scotland,  when  established,  735. 

Staflbidshire,  North,  in  1880,  508. 

Isle  of  Wight,  production  of  iron  ore,  682. 
Italy,  imports  and  value  of  ii-on  ore  from, 

797. 
iron  ore  deposits,  795. 


TESSOP'S,  Mr.  W.,  return  of  pig  iron 
•^     production,  1840,  836. 


Xr  END  ALL,   Mr.  J.  D.,  "On  the  Iron 

•"-    Ores  of  Antrim,"  760. 

Ketlej  Ironworks,  when  established,  495. 

Kilbume  Colliery,  Derbyshire,  section  of 
strata,  100. 

Kilns  employed  in  ironstone  calcining,  530. 

Kirkless  Uall  Ironworks,  Wigau,  me- 
chanical an-angements,  450. 

KirkstaU  Ironworks,  near  Leeds,  360. 

Knightor  and  Ruby  Iron  Mine,  Cornwall, 
production  of  iron  ore,  708. 


T  ADOCK  Iron  Mine,  Cornwall,  produc- 

■"    tion  of  iron  ore,  708. 

Lanarkshire  Ironworks,  Scotland,  materials 

emplojred,  751. 
Lancashire,  aTorage  produce  of  iron  ore  per 
man,  448. 

average  vield  yer  furnace,  453. 

Coal-field,  68. 

"Lancashire  Coal-field,"  ix>pulation  em- 
ployed.  Reports  U.   M.   Inspectors  of 
Coal  Mines,  86. 
<<  Lancashire  Coal  Seams,"  Coal-fields  of 

Great  Britain,  Hull,  Professor,  69. 
Lancashire  coal,  railway  distribution,  18. 

Harrison  Ainslie's  Iron  Works,  449. 

hematite  ore  raised,  1849,  440. 

iron  industries,  436. 

iron  mines  working  in  1880,  447. 

malleable  ironworks,   list  of,   1880, 

457. 
pig  iron  production,  1872  to  1880, 

453. 
produce  of  coal  per  man,  86—  87. 
puddling  furnaces,  rolling  mills,  and 

coal  utt^d,  457. 
steel  works,  list  of,  456. 
«<  Lancashire  Ten   Years'  Coal  Mining," 

Colliery  Oiutrdian^  83. 
Lisncefield  Works,  near  Glasgow,  744. 
Landore   "Siemen's"  Steel  Works,  near 

Swansea,  629. 
Lee  HoU   Ironworks,   near    Belliogham, 

19'orthumberlaud,  331. 
Leeds,  section  of  strata,  35. 


Leeds,  south  of  Emley  Moor,  section  of 

strata,  36. 
Lcesewood  cannel,  analyses  of,  179. 
Leicestershire  coal,  "Coal  suited  to  the 

Steam  Navy,"   De  la  I^clie   and 

Playfair,  119. 

Coal-field,  118. 

Coal-field, "  Coal  Commission  Report," 

Woodhouse,  J.  T.,  123. 
coal,  analysis  ofi  Percy,  Dr.,    *'  Mo- 

talluM;y  :  Fuel,"  120. 

and  North  Derbyshire  Association 

sales  of  coal,  106. 

"Population    Employed    in     Coal 

Mining,"  Report  H.  M.  Inspectors 
of  Coal  Mines,  122. 

Leinster  Coal-fields,  288. 

Coal-field,  ironstones  of,  759. 

Leitrim  Coal-field,  284. 

Coal-field,  ironstone  measures  of,  755. 

Leminffton  furnaces,   Durham,    materials 

employed  in  1830,  833. 
Lesmiahago  cannel,  analyses  of,  179. 

Coal  Basin,  267. 

gas  coal,  256. 

"Lignites  and  Clavs  of   Bovey  Ti-acy," 

Pengelly,  Mr.,  F.O.S.,  249. 
Lignite,  production  of,  Bovey  Ti-acey,  252. 
Limestone,  &c.,  analyses  of : — 

Broadwood,  Durham,  805. 

Chalk,  hard,  WUtshire,  810. 

Dudley,  809. 

Froghall,  Stafford,  North,  808. 

Harmby,  Durham.  806. 

Hobberlaw,  Alwick,  805. 

Monmouthshire   limestone,   rough  and 
smooth,  812. 

Northamptonshire,  809. 

Oolitic  limestone,  Wiitshii-e,  810. 

Raisby  Hill,  Durham,  806. 

ScoUand,  812. 

Stanhope,  Durham,  804. 

Sunderland,  806. 

Stainton,  Lancashire,  808. 
Lincolnshire,  coal  and  ironstone  used,  572. 

iron  first  made  in,  571. 

iron'fiimaces,  dimensions  of  571. 

iron  industries,  559. 

iron  mines  producing  stone  in  1880, 

568. 

,  North,  ironstone  deposits,  559. 

"Lincolnshire    Ironstone    Deposits,"    by 

Dove,  Mr.  G.,  junr.,  562. 
Lincolnshire,  succession  of  strata,  560. 
Lithomarge    deposits,    Antrim,    Ireland, 

761. 
Llanwonno  coal,  parish  returns,  206. 
Local   Government    Board,    8th   lic|x>rt, 

Calcination  of  Ironstone,  530. 
Locomotives  first  used  on  Wylam  Railway, 

21. 
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London  Coal  Exchange,  pi-ices  of  coal  since 
1861,  2t).  ^ 

and  Nortli-Westem  Railway,  dis- 
tribution of  coal  by,  800. 

"Lower  Lias"  ironstone,  Xortli  Lincoln- 
shire, 5t)l. 

Lowmoor  Ironworks,  Dawson,  JMr.  J., 
founder  of :  Sketch  of  bis  life,  854. 

Lugar,  Ayrshire,  cool  scams,  267. 


T^ACHINERY   employed   in  Ironstone 
•"^    mining  in  Cleveland.  888. 
Malleable  iron,   prices  of,  in  Cleveland, 

413. 
Iron  and  Steel  "Works  in  Cleveland, 

404. 
Iron  "Works  in  Cleveland  in  1880, 

412,  coal  used,  413. 

Iron  and  Steel  "Works,  Cumberland, 


434. 


—  Iron  "Works,   Dcibyshire,  and   coal 
useil,  475. 

—  Iron  AV^orks,  Derbyshire,  1811,  474. 
Iron  Work.s  in  J880,   Durham  and 


Northuml)erland,  342. 

Iron  "Works,  and  coal  used,  Durham 


and  Northumberland,  389. 

—  Iron  Works,  Glamorganshire,  630. 

—  Iron  "Works,  Gloucestershire,  661. 

—  Iron  Works  Great  Britain  since  1861, 
843. 

—  Iron  "Works,  Lancasliire,  456. 

—  Iron  "Works,  Leeds  and  Bradford,  361. 

—  Iron  "Works,  Monmouthshire,  1880, 
628. 


—  Iron  Works,  Scotland,  list  of,  1880, 
745,  and  coal  used,  748. 

Iron  Works,  Sheffield  and  Botherham, 


362. 


—  Iron  Works,  Shropshire,  494. 

—  Iron  Works,  Shropshire,  coal  used, 
496. 

—  Iron  Works,  Somersetshire,  672. 
Iron  Works,    Staffordshire,    North, 


509. 


—  Iron  and  Steel  Works,  Staffordshire, 
South,  532.— Coal  used,  636. 

—  Iron  Works,  Wales,  North,  coal  used, 
582. 

iron  itills  first  rolled  at  Bedlington 


by  Birkenahaw,  in  1820,  339. 

"Manchester  Country  Around,"  Aikins, 
description  of,  82. 

Manufacture  of  Steel,  Thomas-Gilchrist 
process,  407. 

Marsden  Colliery,  deep  sinking,  South 
Shields,  18. 

Mersey  Steel  Works,  mechanical  arrange- 
ment of,  455. 

Merthyr  coal,  analysis  of,  196. 


Merthyr  mineral  property,  604. 

Metropolis,  coal  brought  into,  1.  y  i  ca,  rail- 
way, and  canal,  S05. 

coal  consumed  in,  304. 

Middlesborough  Bar  Ironworks,  projected 
in  1840,  403. 

Middle  Lias,  Northamptonshire,  ironstone 
deposits,  538. 

"Middle  Neocomian,"  Lincolushii-e,  iron- 
stone deposits,  568. 

Mid-Lincolnshire  ironstone,    aniilvsis  of, 
666. 

"Midland  Coal-field,**    Coal  Commission 
Reports,  56. 

Midland  Railway,  distribution  cf  coal  by, 
300. 

Midlothian  Coal-field,  262. 

Miller,  Mr.  W.,  analysis  of  Merthyr  coal, 
196. 

Millom,  Cumberland,  iron  industries  of^ 
by  Massicks,  Mr.  Thomas,  428. 

iron  ore  deposits,  428. 

Mills  and    forges,   England   and   Wales, 
summary,  in  1750,  84U. 

Mills  and  foi*ges,  England  and  AVales,  in 
1750,  and  make  of  liar  iron,  841. 

MiUs,   forges    and    Steel   Works,    Lanca- 
shire, 455. 

Mills  and  forges,  Stafibnlshii'e,  North,  509. 

Mills   and   forgeM,    Staflbixishire,    South, 
since  1863,  533. 

Miners,  privileges  of,  Forest  of  Dean,  225. 

"Mines   Drainaj>e  Act,    South   Siatford- 
shire,"  Marten,  Mr.  E.  B.,  156. 

"Mod^  of  Staii'unlshire  South,"  drainage 
area,  by  Jordan,  Mr.  J.  B.,  156. 

Moel    Hirradug,    Wales,     North,    cobal- 
tiferous  ore,  675. 

Moira  District,  section  of  strata,  118. 

Monmouthshire,  area  of  coal-field,  188. 

(Bituminous  Coal  District),  coal  used 

in  2>ig  iron  manufacture,  631. 

lumaces  built  and  in  blast,  614. 

"General  view  of,"  H assail  C,  627. 

furnaces,  iron  ore,  districts  supplying. 


639. 


637. 


iron  ore  used  in  pig  iron  maunfactnrey 


—  iron  works  and  owners,  18S0,  615. 

—  mills  and  forges  in  1812,  626. 

—  pig  iron  production,  1806,  610. 

—  pig  iron  production,  1823  to  1830,  611. 

—  pig  iron  made,  1829  to  1838,  613. 

—  pig  iron  made,  1867  to  1880,  614. 

—  pig  iron  made  and  coal  used,  1872  to 
1880,  632. 

production  of  ironstone,  599. 


Morley  Park  Ii-on  Work.s  Derbj-shire,  469. 
Moss  Bay  Steel  Works,  Workington,  431. 
Mostyn  and  Bychton  Collieries,  Fliutahiie, 
179. 
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Mouzell  Mine,  deposit  of  ore  at,  I)alton*in- 

Furncu,  446. 
Muirkirk,  Ayrshire  coal  seams,  267. 

Iron  AV*orks,  Scotland,  729. 

Munster  Coal-iield,  Ireland,  290. 
Murdoch,  introduction  of  gas  by,  9. 
Mushet,  David,  and  Clyde  Iron  Works, 

729. 
Mushet*8  Black  Band,  dLacovery  of,  719. 
Mwyudy  iron  ore  deposits,  Wales,  South, 

601. 
Myuyddyslhvyn  coal,  191. 


"^AILSEA  coal  basin,  238. 
•*-^     Niuityglo  Iron  Works,   Monmouth- 
shire, pig  iron  made,  1829  to  1838,  612. 
Neilsou's  Hot  Blast,  account  of  by  Dr. 

Percy,  733. 
Neilson,  James  B.,  and  Clyde  Iron  Works, 

729. 
Nettlebridge  coal  series,  289. 
Newbuni   Iron    Works,   near  Newcastle- 

upon-T}Tie,  332. 
Nc\vcastle-uiK>u-Tyne,  charter  to  dig  coals, 

1. 
North  British  Railway,  coal  carried  by, 

277. 
North- Eastern    Hallway,    distribution   of 

coal,  297. 
North    StAffonlshire,    ace  Staffordshire 

(North). 
North  Wales,  x/r  Wales  (North). 
*'  Northauipton  Sand,"  succession  of  strata, 

538. 
Northamptonshire  iron,  remarks  on,  by 

Butlin,  Mr.  W.,  658 
Northamptonshire,  iron  industries  of,  588. 

iron  mines,  662. 

iron  mines,  produce  of,  650. 

ironstone  carried  by  railway,  548. 

ironstone  raised,  548. 

yield  of  ironstone  deposits,  440. 

iron,   "Iron  and  Oml  Traded  liv 

r<>/r**  on,  658. 
Northumberlaml  Coal-field,  1. 
"  Northumberland    and     Durham    Coal 

series,"  Hull,  Professor,  4. 
Northumberland  Iron  Works  in  1851,  835. 
Nottinghamshire  coal,  "  Report^  Coal  suited 

to  the  Steam  Navy,"  113. 

Coal-field,  111. 

pig  iron  manufacture,  469. 

population  employed  in  coal  mining, 

Reports  H.M.  Inspector  of  Coal  Mines, 

117. 

production  of  coal,  115. 

production  of  ironstone,  478. 

Norway,  imports,  and  value  of  iron  ore 

from,  799. 
iron  ore  deposits,  7^8. 


OPEN  Hearth  Steel,  production  of,  in 
Great  Britain  in  1879, 1880,  846. 
Oxfordshire  iron  ore  deposits,  677. 
iron  ore,  production  of,  679. 


pAGE,  Dr.,  "  Economic  Geology,"  191. 
-'-     Paint  ore,  Brixham,  Devon,  analysis 

of,  695. 
Park  End  Iron  Works,  Forest  of  Dean, 

659. 

iron  ore  used  at,  664. 

Parkgato  ironstone  measures,  analyses  of, 

850. 
Parkhead  Works,  near  Glasgow,  744. 
Patent  fuel,  exported  from  Great  Britain, 

811. 
Paulton  Engine  Pit,  coal  seams,  237. 
Pawton  Iron  Mine,  Cornwall,  705. 
Mine,  Cornwall,  pixxluction  of  iron 

ore,  708. 
Pecten  and  Avicula  beds,  succession  of, 

873. 
"Pecten  Ironstone,"  Lincolnshire,  561. 
Penydarren  Iron  Works,  Glanioi^nshire, 

616. 
Iron  Works,  pig  iron  made,  1829  to 

1839,  619. 
Peniberton  Colliery,  Lancashire,  79. 
Perraii  Iron  Lode,  Cornwall,  708. 
Peterborough,  Abbey  of,  early  supply  of 

coal  to,  1. 
Pig  iron : — 

Cost  of  making  at  Arigna,  Ireland,  788. 

Exported  since  1829,  83i>. 

Exported  and  value  in  1S78, 1879, 1880, 
839. 
Pig  iron  manufacture,  and  coal  used : — 

Great  Britain,  813. 

Great  Britoin.  1872,  817. 

Great  Britain,  1871  to  1880,  818. 

Great  Britain,  1880,  820. 

Great  Britain,  average  used  in  1880,  820. 
Pig  iron  manufacture  : — 

Clevehind  (N.  R.  of  Yorkshire),  392. 

Cumberland,  428. 

Derbyshire,  469. 

Derbyshire,  in  the  years  1823  and  1830, 
472. 

Durham  and  Northumberland,  330. 

Porest  of  Dean,  656. 

Ireland,  781. 

Lancashire,  448. 

Lincolnshire,  570. 

Northamptonshire,  552. 

Nottinghamshire,  469. 

Scotland,  726. 

Shropshire,  487. 

Somersetshire,  671. 

Staffordshire,  North,  505. 

Staffordshire,  South,  521. 
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Pig  iron  mtnufactare  (eontinved)  : — 
Staffordshire,  Soudi,  1796,  523. 
Staffordshire,  South,  1806,  524. 
Staffoi^shiie,  South,  1823—1830,  525. 
Wales,  North,  578. 
Wales,  Soath,  604. 
Wiltshire,  683. 

Yorkshire,  North  Riding,  392. 
Yorkshire,  West  Riding,  352. 
Pig  iron,  prodaction  of : — 
Brecknockshire,  1796,  608. 
Cleveland,  395. 
Camberhind,  432. 
Denbighshire,  578. 
Derbyshire,  1806,  471. 
Derbyshire  since  1855,  473. 
Durham  in  1847,  337. 
Durham  since  1856,  338. 
Flintshire,  581. 
Forest  of  Dean,  660. 
Glamorganshire,  621. 
Great  Britain : — 

1740,  829. 

1788,  880. 

1796,  831. 

1806,  834. 

1823—1880,  834. 

1839,  623. 

1840,  836. 

1843  and  1847,  836. 

1852,  837. 

Since  1854,  838. 
Ireknd,  1857,  784. 
Lancashire,  1860  to  1871,  450. 
Lincolnshire,  572. 
Monmouthshire,  1796,  608. 
Northumberland  in  1847,  336. 
Northumberland  since  1856,  338. 
Scotland,  1788,  729. 

1796,  730. 

1806,  782. 

1823—1830,  734. 

1843,  736. 

1848,  737. 

since  1850,  739. 

Shropshire,  1740,  1788,  488. 

1796,  1806,  489. 

1823—1830,  491. 

since  1855,  493. 

Steffordshirc,  North,  1848,  506. 

North,  since  1854,  507. 

South,  1740,  1788,  622. 

1796,  523. 

1806,  524. 

1823—1830,  525. 

since  1840,  527. 

Wales,  North,  1796,  578. 

since  1856,  581. 

Yorkshire,  West  Riding,  1740,  350. 

West  Riding,  1788—1796,  356. 

West  Riding,  1806,  356. 


Pig  iron,  production  of  {cfrntlnned)  : — 

Yorkshire,  West  Riding,  1823—1830,357. 

West  Riding,  1840,  363. 

West  Riding,  1851  to  1880,  359. 

Pisolitic  iron  ore,  Ireland,  761. 
Plate-iron,  prices  of,  in  Cleveland,  414. 
Plott's    **  History   of   Staffordshire,"  re- 
ference to,  157. 
Plymouth  Ironworks,  Glamorganshire,  pig 

iron  made,  1829  to  1839,  619. 
Population  employed  in  coal  mining  : — 

Bristol,  246. 

Cheshire,  96. 

Cumberland,  65. 

Derbyshire,  110. 

Durluim  and  Northumberland,  29. 

Gloucestershire,  233. 

Ireland,  291. 

Lancashire,  85. 

Leicestershire,  122. 

Nottinghamshire,  117. 

Scotiand,  280. 

Shropshire,  138. 

Somersetshire,  245. 

Wales,  North,  183. 

Wales,  South,  221. 

Warwickshire,  129. 

Westmoreland,  67. 

United  Kingdom,  312. 
Population    employed    in    coal  and  iron 
mining : — 

Stafford&re,  North,  150. 

Staffordshire,  South,  167. 

Wales,  South,  220. 

Yorkshire,  52. 
Population  employed  in  iron  mining  : — 

Cleveland,  385. 

Durham,  329. 

Lancashire,  447. 
Portu^,  imports  of  iron  ore  from,  792L 

,  iron  ore  deposits  oi^  790. 

Prices  of  angle  iron,  Cleveland,  414. 
Prices  of  coal  and  cost  of  production  : — 

Bristol,  244. 

Cumberland,  61. 

Derbyshire,  109. 

Dudley,  167. 

Durham  and  Northumberland,  25. 

Gloucestershire,  232. 

Ireland,  293. 

Lancashire,  88. 

Scotland,  278. 

Shi-ojishire,  135. 

Staffordsliire,  North,  148. 

Staffordshire,  South,  164. 

Wales,  South,  218. 

Warwickshire,  129. 

Yorkshire,  50. 
Prices  of  bar  iron,  Cleveland,  414. 

of  finished  iron,  Staffordshire,  South, 

537. 
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Prices  of  iron  oro  : — 

liarrow  in  1849,  441. 

Cleveland,  377. 

Cornwall,  715. 

l/mcashire,  442. 

Shropshire,  486. 

Yorkshire,  352. 
Ih'iees  of  iron  rails,  Cleveland,  414. 

of  malleable  iron,  Scotland,  747. 

of  pig  iron,  Scotland,  741. 

of  plate  iron,  Cleveland,  414. 

of  steel  rails,  Cleveland,  414. 

of  Seaborne  coal  in  London  Market 

since  1861,  26. 
Privileges  of  miners.  Forest  of  Dean,  225. 
Production  of  anthracite,  l^idefonl,  Devon, 
253. 

of  anthracite  i>ig  iron,  "Wales,  South, 

625. 
Production  of  cool : — 

Bristol,  244. 

Cheshire,  94. 

Cumberland,  63. 

Derbyshire,  103. 

Durham  and  Northumberland,  15^19. 

Kngland,  296. 

Forest  of  Dean,  227. 

Glouccstei-slm-e,  227. 

Great  Britain,  294. 

Ireknd,  290. 

Lancashire,  75. 

Leicestershire,  120. 

Monmouthshire  Coal-field,  205. 

Nottinghamshire,  115. 

Scotland,  270. 

since  1854,  296. 

Shropshire,  134. 

Somersetshire,  241. 

''Somerset  and  Bristol,"  Inspectors  of 
Coal  Mines  Reports,  245. 

Staffordshire,  Noi*th,  145. 

,  South,  157. 

United  Kingdom,  297. 

Wales,  North  and  South,  296. 

,  North,  180. 

Wales,  South,  Coal-field,  203—205. 

Warwickshire,  127. 

Yorkshire  districts,  45. 

Coal-field,  43. 

I'rodQction  of  iron  ore  : — 

Antrim  Iron  ComjMiny's  Mines,  777. 

Buckinghamshire,  682. 

Cornwall,  1880,  715. 

Cumberland  since  1858,  421. 

Devonshire,  699. 

Duchy  aud  Peru,  Cornwall,  713. 

Durham,  327. 

Flintshire,  576. 

Forest  of  Dean,  649. 

(iloucestershirc,  651. 

llampeliire,  682. 


Production  of  iron  ore  (eontinnrd) : — 

Ireland,  775. 

Lancashire,  442. 

Scothind,  725. 

Somersettdiire,  671. 

Treamble,  Cornwall,  713. 

Trebisken  and  Mount,  Cornwall,  713. 
Production  of  ironstone  : — 

Cleveland  district,  375. 

Derbyshire,  468. 

Flintshire,  576. 

Ireland,  778. 

Lincolnsliire,  567. 

Northamptonshire,  547. 

Nottinghamshire,  478. 

Oxfordshire,  679. 

Scotland,  724. 

Shropshire,  485. 

Somersetshire,  670. 

Btatfordshire,  North,  504. 

Staffordshire,  South,  520. 

Wales,  North,  6;:6. 

Wales,  South,  599. 

Warwickshire,  479. 

Wiltshire,  675. 
Puddlers'  wages  in  Cleveland,  413. 
Puddling  furnaces  and  rolling  mills   in 

Great  Britain  since  1861,  843. 

process  of,  Staffordshire,  South,  533. 

Purple  ore,  analysis  of,  828. 

produced  from  Extraction  Works 

since  1871,  828. 


T)  ADSTOCK  Coal  series,  238. 

^    Railway  distribution  of  Cumberland 

coal,  64. 
Railway  distribution   of  cool,  Scotland, 
276. 

distribution  of  Yorkshire  coal  by 

Lancashire  and  Yorkshire  Railway,  48. 
by  Manchester,  Sheffield,  and  Lincoln- 
shire Railway,  47. 
Ravenson,  his  experiments  with  coke,  522. 
R^neratiuff  sas  furnaces,  Siemens',  list  of 

m  Great  Bntain,  847. 
Renisliaw  Colliery,  section  of  strata,  38. 
"Resources  of  Cleveland  Ironstone  Dis- 
trict," Barrow,  Mr.  G.,  Paper  on,  387. 
Resources  and  probable  duration  of  Coal- 
fields : — 
Bristol,  246. 
Cheshire,  97. 
Cumberland,  ^%, 

Durham  and  Northumberland,  30. 
Forest  of  Dean,  234. 
Gloucestershire,  234. 
Ireland,  290. 
Lancashire,  90. 
fjeicestershire,  123. 
Scotland,  281. 
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Besources  and  probable  duration  of  Coal- 
fields {continued) : — 
Shropshire,  139. 
Somersetshire,  246. 
Staffordshire,  North,  151. 
„  Sonth,  170. 

Ilnited  Kingdom,  318. 
Wales,  North,  186. 
,»       South,  221. 
Warwickshire,  131. 
York,  Derby,  and  Notts,  66. 
Restormel  Iron  Mine,   Coniwall,   702. — 

Production  of,  705. 
Rhynchonella  Bed,   North  Lincolnshire, 

561. 
Roanhead  Mines,   Cumberland,   iron  ore 

deposits,  436. 
Rock  drills,  Richards,  Mr.  W.,  sketcli  of, 

used  in  Cleveland,  383. 
Rolling  ii*on,   Cort's  claims,   account  of, 
**  Metallurgy  of  Iron  and  Steel,"  495. 

Cort's  system  of,  494. 

Rolls,  frrooved,  application  of,  by  Payne, 

J.,  495. 
Rosebridge  Colliery,  deep  workings,  AVigan, 

75. 
Rosedale  Abbey  Estate,  Yorkshire,  380. 

Abbey  mines,  "Dogger  IJed,"  367. 

— —  Abbey  mines,  iron  ore  produced  since 

1861,  380. 
^—  iron  stone,  ** Percy,  Dr.,  Metallurgy: 

Iron  and  Steel,"  373. 
Russia,  iron  ore  deposits,  801. 

imxK)rt8  and  value  of  iron  ores  from, 

801. 


SAINT  HELEN'S,    Lancashire,   Prices 
of  coal,  89. 

Saltbum  by  the  Sea  (Cleveland),   mines 
producing  iron  ore  since  1872,  879. 

Sampson  Shaft,  Hanover,  77. 

Santon  clay,  Lincolnsliire,  used  as  a  flux, 
673. 

Saundersfoot  coals.  Anthracite,  193. 

Scotch  pig  iron  consumed  in  foundries  and 
iron  works,  743. 

— ^  distribution  of,  coastwise   and   ex- 
ported, 742. 

home  consumption,  743. 

Scotland,  Black  Band  ores,  production  of, 
719. 

brown  iron  ores,  720. 

carboniferous  series  of,  255. 

Clay  Band  ores,  production  of,  726. 

"Scotland,  Coal-fields  of,"  252.— "CJtddes, 
Mr.  J.,  Coal  Com.  Report,"  282. 

coal  produce  per  man,  280,  281. 

coal  raised  by  collieries,  273. 

districts  furnishing  iron  ore  for  smelt- 


ing, 752. 


Scotland,  eastern  coal  districts,  271. 

eastern  ports  <^oal  carried  from,  275. 

furnaces  built  and  in  blast,  789. 

iron  industries  of,  719. 

iron  shipbuilding,  753. 

ironstone  measures,  719. 

ironstone  produced  in  each  count)-, 

725. 

ironstone,  production  of  eastern  dis- 
tricts, 725. 

ironstone,  production  of  western  dis- 


tricts, 725. 

—  ironstone  used  in  blast  furnaces— 
quantities,  752. 

—  iron  works,  list  of,  in  1880,  740. 

—  malleable  iron  works,  743. — Prices, 
747. 

—  miners'  wages,  280. 

—  west«ni  coal  districts,  271. 

—  western    ix>rts,    coal   canied   from 


274. 

Section  of  strata,  {»re  Strata,  section  of). 
Seend  Iron  Works,  Wiltshire,  6S8.— Pro- 
duction of,  675. 
Shafts,   Deep,   Sampson  Mine,   Hanover, 

77. 

Rosebridge  Colliery,  Wigan,  75. 

Adalbert,  Bohemia,  77. 

Ashton  Moss  ColUeiy,   Manchester, 

75. 
Shelton  Bar  Iron  Works,   Staffordshire, 

North,  608. 
Shipley  Collier}*,   Derbyshire,  section  of 

strata,  100. 
Shrewsbury  Coal-field,  133. 
Shropshire,  average  consumption  of  coal : 

iron  ore,  498. 

coal  procluced  per  man,  138. 

cost  of  getting  coal,  * '  Miner's  Guide," 

Smith,  Thomas,  135 ;   Parton,  Mr.  T., 

137. 

coal,  distribution  of^  134. 

Coal-field,  population  employed,  13S. 

furnaces  built  and  in  blast,  493. 

iron  industries,  480. 

ironstone  measures,  description  of, 

"  Iron  Ores  of  Great  Britain,"  480. 
''Shropshire  Ironstone  Measnres,"  thick- 
ness and  yield  ;  **  Miner*s  Guide,"  486. 
ironstone  measures,  yield  per  acre, 

487. 

list  of  iron  works  in  1880,  494. 

mills  and  forges  in  1880,  496. 

Siemens,  Dr.  C.  W.,  iron  xnaking,  direct 

process,  553. 
— —  steel.  Great  Britain,  production  of  in, 

846. 

Steel  Works  in  Great  Britain,  845. 

**  Silkstone  Hards  Coal "  analysia :  of  Carr, 

Mr.  W.,  Halifax,  48. 
Silkstone  Coal,  Yorkshire,  848. 
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Sil  venlalc  Iron  Works,  Staffonlshire,  Kortli, 
506. 

"Sinclair,   Sir  John,'*  account  of  Devon 
Ironworks,  Scotlaml,  730. 

81ag   bottle  manutacture,    Northampton- 
snire,  555. 

Slag-heaps    of  ancient    furnaces,    North- 
umberland, 325. 

Slievardagh  CoaMichl,  Ireland,  289. 

Slitting- mills  fti'st  used  at  CMteshead  Iron- 
works ill  1772,  340. 

Smallacombe   iron    ore  deposits,   Devon, 
690. 

Iron  Mines,  production  of,  691 . 

Smeaton's  blowing  machinery,  727. 

Smith,    Dr.     Angus,     **  Manufacture    of 
Coke,"  202. 

Somercotes  Ironworks,  Derbyshire,  470. 

*' Somerset  East,  and  Bristol  Coal-field," 
Woodward,  Mr.  H.  R,  239. 

^mersetshire  Coal-field,  235. 

furnaces  built  and  in  blast,  660. 

iron  industries,  666. 

iron  mines  producing  ore  in  1880, 671. 

pig-iron  manufacture,  671. 

l)ig-irou  pnxluction,  (560. 

production  of  iron  ore,  669. 

Sommorrostro  iron  mines,  Spain,  78G. 

Soudley  Ironworks,  Gloucesterahiiv,   iron 
ore  used  in,  664. 

South    Staffordshire     {mcc    Staffordshire, 
South). 

South  Wales  {see  Wales,  South). 

Coal-field,  188. 

Spain,  analyses  of  the  iron  ores  of,  787. 

imiK>rt8  of  iron  ore  from,  345. 

value  of  imports  of,  788. 

ports  receiving  iron  ore  from,  790. 

Spathose  iron  ore,  Hreiidon  Hills,  COtJ. 

Frank  Mills,  &c.,  693. 

-  iron  ore,   production    of,   Weardale 
district,  Durham,  327. 

Springs  for  railway  purposes^  fi»t  made  at 

Newbum,  882. 
Staffordshire,  North,  Coal-field,  140. 
'•Staffordshire,  North,   Coal-field,"    Coal 

Commission  Kcport,  151. 
Staffordshire,    North,    coal   produce    \yeT 

man,  150. 

North,  coal  seams,  yield  per  acre — 

"Miner's  Guide,"  149. 

•'Staffordshire,    N.»   Coal-field  and  Iron- 
stone  Measures,"  Homer,  Mr.,  145. 

Nortli,    coal    and   iron    ore    used 

in  manufacture,  509. 

North,  coal  used  in  ironworks  and 

potteries^  147. 

North,  coal  used  in  metallurgical 

operations  in  1796,  510. 

-— —  North,  coal  used  in  pig  iron  manu- 
facture in  1854,  510, 


Staffordshire,  Nort]),  funiaccs,  chaiges  of 

materials,  512. 

North,  iron  industries,  499. 

Nortli,  iron  ores  of,  **  Iron  Ores  of 

Great  Britain,"  501. 

ironstone  carried  by  canal  and  rail* 


way,  505. 

—  North,  ironstone  working,  1 44. 
North,  iron-works,  list  of   in  1880, 


608. 


—  North,  list  of   mills  and  forges  in 
1880,  509. 

—  North,  system  of  coal  working,  141. 
Kail  way.  North,  iron  ore  carried  by. 


505. 
**  Staffordshire,  South,  Coals,"  analyses  of 

Percy,  Dr.,  156. 

South,  blast  furnaces,  1880,  531. 

South,  calcination  of  iron-stone,  530. 

South,  Coal-field,  153. 

South,  coal  produce  per  man,  168. 

South,   cost  of    getting   coals,   &c., 

"Miner's  Guide,"  165. 

South,  distribution  of  coal,  161. 


**  Staffordshire,  South :  Coal-fiehl :  Memoir 
of,"  Jukes,  Professor  J.  B.,  153. 

South,  ironstone  measures,  513. 

South,  ironstone  and  yield  of  metal- 
lic iron,  520. 

South,  malleable  iron  works,  1880, 584. 

South,  "Mine  Drainage    Act,*'  area 


of  coal-field  included  imder,  160. 

"Staffordshire,  South,  Miners'  Wages," 
Smith,  Mr.  Fisher,  166. 

Staffordsliire,  South,  pig-iron  manufacture, 
1796,  523  J  1806,  524  ;  1828,  525  ;  1840, 
527. 

"Staffordshire,  South,"  XH)piiIatiou  em- 
ployed, 168. 

South,    production   of     iionstone, 

520. 


—  South,  "Ten  Years'  Coal  Mining," 
Collicrif  GtMrdiaiif  166. 

South,  Works  erected  between  1823 


and  1830,  526. 
Stauhoiic  Furnace,  Durham,  erected  1844, 

334. 
Stanton  District,  Derbyshire,  analyses  of 

ironstones,  466. 
"Statistics     and     Calculations,"     Salt, 

Samuel,  coal  pitnluction,  1816,  295. 
Stavoley  district,  Derbyshire,  analyses  of 

ironstones,  467. 
Stet'l,  crucible,  proiluotiou  in  (Jreat  Britain, 

since  1873,  847. 

rails,  prices  of,  in  Cleveland,  414. 

Works  of  the  Barrow  Hematite  Steel 

Co.,  451. 
SVorks,  Moss  Bay  Company,  Cumber- 
land, 431. 
Works,  West  Cumberland,  481. 

3  L 
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Stiddle  Moor,  &c.,  Ironstone  moasnreA,  S25. 
•'Stockport,  Geology  of,"  Hull,  Professor, 

98. 
Stockton  and  Darlington  Railway  opened, 

21. 
Stoves,  Cowpor,  Mr.  £.  A.,  description  of, 

399. 

Whitwell,  account  of,  400. 

Strata,  section  of  : — 

Anglesea  Coal-field,  172 

Arigna  Colliery,  284. 

Bamsley  district,  37. 

Bedworth  Colliery,  Warwickshire,  125. 

Bredbuiy  Collieries,  Cheshire,  92. 

Bristol  Coal-field,  235. 

Castlecoiner  coal  basin,  288. 

Cavan,  Ireland,  775. 

Cefn  Cwse,  Wales,  South,  589. 

OinderhUl,  Notts,  111. 

Clyde  Valley,  268. 

Coiilbrookdale,  Shropshire,  132. 

Denbighshire  Coal-field,  173. 

Derbyshire,  99. 

Donnington  Wood,  Shropshire,  480. 

Dowlais,  South  Wales,  586. 

Dronfiold,  Derbyshire,  463. 

Dungannon  Cou-field!,  Ireland,  286. 

East  Lothian,  Scotland,  264. 

Emley  Moor,  Yorkshire,  30. 

Fawler,  Oxfordshire,  678. 

Flintshire  Coal-field,  173. 

Forest  of  Dean,  223. 

Leeds,  Yorkshire,  35. 

Lincolnshire,  560. 

Moira  district,  118. 

Newcastle-upon-Tyne,  4. 

Northamptonshire,  538. 

Old  Sauchie,  Clackmannanshiie,  266. 

Kenishaw  Colliery,  38. 

Shipley,  Derbyshire,  100. 

Statfordshire,  North,  Coal-field,  141. 

South,  154. 

Upleatham,  366. 

Walas,  South,  586. 

Wliitehaven,  59. 

Workington,  59. 

Yniscedwyn,  587. 

Ystalyfera,  587. 
Sturtevant,  Simon,  his  experiments  with 

coke,  522. 
Sutherland,  Mr.    Alexander,    on    **  Irish 

Hill  and  Straid  Mines,"  Antrim,  770. 
Swansea,  coal  exported  from,  214. 

Docks,  212. 

Sweden  iron  ore  deposits,  799. 
ore  imported  and  value,  SCO. 


TAFF   VALE  Railway,  distribution   of 
coal  by,  303. 
"  Tap  Cinder,"  Staffordshire,  South,  530. 


Tax  on  eoal,  2. 

Tealby,  Lincolnshire,  ironstone  deposits, 

563. 
Ten  Yanl,  or  Thick  coal,  154. 

used  in  iron  manufacture,  528. 

yield  per  acre,  161. 

Thick   cool   used    in    iron   manufacture, 

528. 
Thomas-Gilchrist  process  of  steel  manu- 
facture, 407. 
Tichbome,    Mr.,    "Iron    Ore    Deposits, 

Wicklow,"  773. 
Tin  plates  exported  since  1873,  854. 

plates  exported,  1878  to  1880,  855. 

plate  manufacture,  848. 

tenie  and  black  plate,  production  of, 

849. 

plate  works : — 

Caermartheushire,  852. 

Cumberland,  853. 

Flintshire,  853. 

Glamoiganshire,  851. 

Great  Britain,  850. 

Gloucestershire,  853. 

Monmouthshire,  852. 

Scotland,  853. 

Staffordshire,  853. 

Tonnage  of  iron  vessels  launched  on  the 

Clyde,  754. 
Torbane  Hill  mineral,  258. 

analysis  of,  179. 

"Tour   in    Wales,"    Pennant,    Thomas, 

179. 
Tourget,    M.   F.,   manufacture    of  coke, 

Besseges  process,  202. 
Towcester  Ironworks  :  iron  made  by  direct 

process,  553. 
Tredegar    Ironworks :    pig    iron     made, 

612. 
Tregome  Iron  Lode,  Cornwall,  71 3. 
Trent  and  Mersey  Navigation  :  distribn- 

tion  of  iron  ore,  505. 
Turkey  in  Asia,  imports  of  iron  ore  from, 

802. 
Tuyere,  water,  invention  of,  by  Condie, 

733. 
"Tyne,    Wear    &  Tees    Mannfactnre  of 

Iron,'*  Bell,  Mr.  1.  Lowthian,  375. 
Tyrone  Coal-field,  285. 
ironstone  measures  of,  757. 


UNITED  KINGDOM,  areas  of  coal-fields. 
OQl 


294. 


307, 


coal,  cinders,  and   culm  exported. 


Coal-fields,  resources,  and  probable 


duration  of,  313. 

coal  produce  per  man,  812. 


Upleatham,  ironstone  scries  of,  "Tate  and 
Blake,"  366. 
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VENTILATION,  Giiibal  Fan,  Pembcrton 
^     Colliery,  79. 

Schiele  Fan,  209. 

Vivian,  Mr.  HusHoy — **  Wales,  South,  Coal- 
field/' Coal  Commisaion  Report,  221. 


*•  WALKS,  North,  Agricultural  Surve\V 

'''  Davies,  Rev.  W.,  180. 
Wales,  North,  Coal-field,  172. 
"Wales,    North,   Coal-held,"  Dickinson, 

Mr.  J.,  OD,  187. 
'<  Walea,  North,"  coal  raised,  Hall,  Mr. 

Henry,  186. 
Wales,  l^orth,  coal  produce  per  man,  185. 

iron  iudiuitries,  674. 

production  of  iron  ore,  676. 

"  Wales,  South,  Coal-field,"  Brown,  Mr. 

T,  F.    182 
•'Wales,  South,  Coal-field,"  Clarke,  Mr. 

G.  T.,  Coal  Commission  Report,  221. 
Wales,  South,  area  of  coal-field,  188. 
••Wales,  South,   Coal-field,"    Coal  Com- 
mission Report,  203,  204. 
Wales,  South,  coal  produce  per  man,  221. 

coal  used  in  pig  iron  manufacture,  636. 

(coal    and   iron    districts),    Central 

Aoticlinal  District,  687. 

eastern  outcrop,  ironstone  measures, 

584. 

north-eastera     outcrop,      ironstone 

measures,  685. 

southern  outcrop,  ironstone  measures, 

688. 

western  or  Anthracite  District,  687. 

coal  exported  and  duty  received,  215. 

furnaces  and  pig  iron  made,  1889  to 

1852,  619. 
•'Wales,  South,  Industrial  Capacities  of," 

Svmons,  Mr.  J.,  211. 
Wales,  South,  iron  industries,  684. 
Wales,  South,  iron  ore  de^tosits  : — 
Hute  hematite,  GOl. 
(iarth  hematite,  601. 
Llantrissant  hematite,  601. 
Mwyndv  hematite,  601. 
Pentyrch  hematite,  601. 
Wales,  South,  ironstone  measures  : — 
Blaenavon,  685. 
Coalbrook  Vale,  685. 
Llynvi  and  Cwm  Avon,  587. 
Wales,  South,  ironstones  and  their  yield  of 
metallic  iron,  698. 
iron  ore  mines,  602. 

used  in  pig  iron  manufacture,  640. 

iron  works,  wnen  erected,  607. 

in  the  year  1839,  618. 

in  1848,  624. 

pig  iron  made,  1823—1830,  617. 
pig  iron,  total  production,  626. 
production  of  ironstone,  600. 


Walker  Iron  Works,  Nortluimberland,  com- 
menced manufacture  of  bar  iron,  334. 
Wallsend  coal,  account  of,  7. 
Warsash  Charcoal  Furnaces,  Hampshire, 

686. 
••Warwick,  Agricultural    View  of,"    by 

Widse,  John,  127. 
Warwickshira,  analysis  of  ironstone,  479. 
••Warwickshire  Coal-field,"  126. 
••Warwickshire  Coal-field,"  Howell,  Mr. 

H.  H.,  on,  126. 
Warwickshire  cool,  distribution  of,  128. 

])roduce  per  man,  127. 

Warwickshire,  cost  of  getting  coal,  **  Miner's 

Guide,"  Smith,  Thos.,  129 
Warwickshire,  **  Population  employed  in 

Coal  Mining,"  130. 
Warwickshire,    production   of   ironstone, 

479. 
Waste  gases  in  blast  furnaces,  their  utiliza- 
tion, in  Ystalyfera  Iron  Works,  636. 
Watney's  anthracite,  analysis  of;  Playfair, 

Dr.,  198. 
Westbunr  iron  ore,  Wiltshire,  production 

of,  675. 
Westminster  Bridge  lighted  with  gas,  9. 
Westmoreknd  Coal-field,  67. 

produce  of  coal  i»er  man,  67. 

AMiitehaven,  iron  ore  shipped  from,  423. 

section  of  strata,  59. 

Whitchill    Iron  Works,  near  Chestcr-le- 

Street,  331. 
Whitwell  Stoves,  account  of,  400. 
Wigan  cannel,  analyses  of,  179. 

Coal  and  Iron  Co.'s  Works,  449. 

•♦Wigan  Coal  and  Iron  Co.,"  Hewlett, 

Mr.  Alfred,  on  coal  trade,  89. 
Wiffau  district,  coals  worked  in,  69. 
Wilsonstown  Iron  Works,  Scotland,  728. 
Wiltshire  furnaces  built  and  in  blast,  660. 

iron  industries,  678. 

iron  ore,  production  of,  675. 

production  of  pic  iron,  685. 

Wingerworth    Iron    Works,    Derbyshire, 

472. 
Witton    Park    Iron    Works,    Auckland, 

Durham,  335. 
Workington  Colliery,  Cumberland,  60. 

section  of  strata,  59. 

Wylam  Wagon  Way,  first  plain  plate  rail- 
way laid,  332. 


VNISCEDWYN  ironstone  measures,  scc- 
-^     tion  of  strata,  687. 
Ynysawdre  Co.  coke  manufacture  by,  201. 
Yorkfiliire  coal  carried  by  — 

Manchester,    Sheffield   k    Lincolnshire 
Railway,  47. 

Midland  Railway,  46. 

North-Eastern  Railway,  47. 
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Yorkshire,  coal  sent  coabtwise  ami  ex- 
ported, 49. 

Coal-field,  32. 

"Yorkshire  Coal-field,"  Green,  Prof.,  on, 
84. 

Yorkshire  Coal-field,  persons  employed  and 
minerals  raised,  54. 

Srodnce  of  coal  per  man,  52. 
oal-field,  production  ol^  44. 
Yorkshire,   "Coals   suited  to  the  Steam 

Nav}',"  De  la  Beche  and  Playfair,  39. 
"Yorkshire  Lias,  The,''  Tate  and  lilakc, 

866. 
"Yorkshire,    Wages    of    Coal    Miners," 
Colliery  Ouardian  on,  52. 


Yorkshire,  North  Kiding,  iron  industries, 


•^65. 


—  North  Hiding,  works  in  operation  in 
1355,  893. 

—  make  of  pig  iron,  895. 

—  ])roduction  of  iron  ore,  377. 

—  West  Kiding,   ironstone  measures, 
347. 


West  Riding,  iron  works,  1851,  358. 

make  of  pig  iron,  359. 

'  production  of  iron  ore,  351. 

Works  in  operation  in  1880,  360. 

Ystalyfera  ironstone  measures,  section  of 

strata,  587. 
Ystradyfodwg  coal,  parish  returns  of,  206. 
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Hew  Manual  for  Practical  Engineers. 

THE  PRACTICAL  ENGINEER'S  HAND- BOOK,  Comprising  a 
Treatise  on  Modern  Engines  and  Boilers,  Marin:;,  Locomotive,  and  Stationary. 
And  containing  a  large  collection  of  Rules  and  Praciical  Data  relating  to  recent 
Practice  in  Designing  and  Constructing  all  kinds  of  Engines,  Boilers,  and  other 
Engineering  work.  The  whole  constituting  a  comprehensive  Key  to  the  Board  of 
Trade  and  other  Examinations  for  Certificates  of  Competency  in  Modem  Mechanical 
Engineering.  By  Walter  S.  Hutton,  Civil  and  Mechanical  Engineer,  Author  of 
<*The  Works'  Manager's  Hand-book  for  Engineers,"  &c.  With  upwards  of  370 
Illustrations*  Second  Edition,  Revised  with  Addition^.  Medium  8vo.,  nearly  500 
pp.,  price  i8j.    Strongly  bound.  \Just publuiUd, 

JSr  This  work  is  desigmd  as  a  companion  to  (he  Author' i  ' '  Works'  Manager's 
Hand-book.'*  It  possesses  many  new  ami  orij^inai  features^  and  contains,  like  its  prede- 
cessor, ajuaniity  of  matter  not  originally  intenaed  for  publication^  but  collected  by  tke 
Anikor/or  kis  own  use  in  tke  construction  of  a  great  variety  of  modern  engineering  work, 

Tke  information  is  given  in  a  condensed  and  concise  form^  and  is  illustrated  by  up' 
wards  of  370  JVoodcuis;  and  comprises  a  quantity  of  tabulated  matter  of  great  value  to  all 
engagea  in  designing,  constructing ^  or  estimating  for  Lngines,  Boilers,  and  OTHER 
Engineerino  Work. 

•»•  Opinions  of  the  Press. 

**  W«  luv«  kept  it  at  hand  for  several  week^  referring  to  it  as  ucc  ision  arose,  and  we  have  not  on  a 
aiacle  occaaioa  consulted  iu  pages  widMMit  nnding  the  infjr.u.*uoa  of  which  we  were  in  qnest." 

*'  A  thoroughlf  good  practical  handbook,  which  no  engineer  can  so  through  without  learning  some* 
dung  that  will  be  of  service  to  him." — Marine  Em^tu^r. 

**  An  excellent  book  of  reference  for  engineers,  and  a  valuAble  tcxt-b^k  for  studeats  of  engineer- 
ing.**—^cvlifasoii. 

"  This  valuable  nuuiual  embodies  the  results  and  experience  of  the  Uading  authorities  on  mechanical 
«ngfaieering."— ^aciAfiV  Ntm, 

*  The  author  has  collected  together  a  surprising  quantity  of  1  ule«  and  practical  data,  and  has  shown 
mudijndjgment  in  the  selections  he  has  made.  .  .  .  There  is  uj  duuvic  that  this  book  is  one  of  the 
useiul  of  ia  kind  published,  and  will  be  a  very  popular  compi.ilmm. "—Enzinftr. 


A  mass  of  information,  set  down  in  simple  language,  and  nt  «uwh  a  ibrm  tiiAt  it  can  be  easily  referred 
to  at  any  time.  The  matter  is  unifonnly  good  and  well  cho^.-n,  and  is  greatly  elucidated  by  the 
tllustntions.  The  book  will  find  its  way  on  to  most  engueers'  !ih<:lves,  where  it  wiU  rank  as  one  of  the 
most  useAil  books  of  reference."— /'mr^Vo/  Kngint^. 

'*  Full  of  useful  information,  and  should  be  found  on  the  oCri  :e  si  elf  cf  all  practical  engineers." — 
Engiitk  Mtchanic. 
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Handbook  for  Works'  Managers. 

THE  WORKS'  MANAGER'S  HANDBOOK  OF  MODERN  RULES, 
TABLES,  AND  DATA,  For  Engineers,  Millwrights,  and  Boiler  Makers; 
Tool  Makers,  Machinists,  and  Metal  Workers  ;  Iron  and  Brass  Founders,  &c.  By 
W.  S.  HUTTON,  CivU  and  Mechanical  Engineer,  Author  of  "The  Practical  En- 
gineer's Handbook."  Third  Edition,  carefully  Revised,  with  Additions.  In  One 
handsome  Volume,  medium  8vo,  price  151.  strongly  bound. 

%gr  The  Author  having  compiled  Rules  and  Data  for  his  own  use  in  a  great  variety 
of  modem  engineering  work,  and  having  fcund  kis  notes  extremely  usrful,  decided  to 
publish  them— revised  to  date — believing  that  a  practical  work,  suited  to  the  daily  RE- 
QUIREMENTS OF  MODERN  ENGINEERS,  Wfuld  be  favourably  received. 

In  the  Third  Edition,  the  following  among  other  additions  have  been  made,  vis.  : — 
Rules  for  the  Proportions  of  Riveted  Joints  in  Soft  Steel  Plates,  the  Results  if  Experi- 
ments by  Professor  Kennedy /or  the  Institution  of  Mechanical  Engineers— Rules 
for  the  Proportions  of  7 urbines—Rules  for  the  Strength  of  Hollow  Shafts  of  WhitwortlCs 
Compressed  Steel,  dr»f . 

%•  Opinions  op  the  Press. 

"The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop  notes  for 
application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The  volume  contains 
a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experience,  and  is  seldom  written 
in  oooks." — Engitutr, 

"The  volume  is  an  exceedingly  useful  one,  brimful  with  engineers' notes,  memoranda,  and  rules,  and 
well  worthy  of  beinjg  on  every  mechanical  engineer's  bookshelf.  -—ilf<eA«uwat/  World. 

'*The  information  ispreasely  that  likely  to  be  required  in  practice.  .  .  .  The  work  forms  a  de- 
sirable addition  to  the  library  not  only  of  the  works  manager,  but  of  anyone  connected  with  Kenerat 
tia^teBnog**—Mini$i£  youmal. 

**  A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  index.  .  .  .  Sucb 
a  volume  will  be  found  absolutely  necessary  as  a  book  of  reference  in  all  sorts  ot  '  works  *  connected  with 
the  metal  trades."— i?y/a«k^'x  Iron  Tradts  CircMiar. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Button's  books  have  met  a  pressiBg 
want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  man  possessing  a 
capy.^—Prtictieal  Engineer. 

"  The  Modernised  Templeton. " 

THE  PRACTICAL  MECHANIC'S  WORKSHOP  COMPANION. 
Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulae  in  Mechanical 
Science,  with  numerous  Tables  of  Practical  Data  and  Calculated  Results  for 
Faciliuting  Mechanical  Operations.  By  William  Templeton,  Author  of 
"The  Engineer*s  Practical  Assistant,"  &c.  &c  Fifteenth  Edition,  Revised, 
Modernised,  and  considerably  Enlarged  by  Walter  S.  Hutton,  C.E.,  Author  of 
"The  Works'  Manager's  Handbook,"  "The  Practical  Engineer's  Handbook,*' 
&c.  Fcap.  8vo,  nearly  500  pp.,  with  8  Plates  and  upwards  of  250  Illustrative 
Diagrams,  6^.,  strongly  bound  for  workshop  or  pocket  wear  and  tear. 

fSSr  Templeton's  "Mechanic's  Workshop  Companion"  hcu  been  for  more  than 
a  quarter  of  a  century  deservedly  popular;  and,  as  the  well-worn  and  thumb-marked 
vade  mecum  of  several  generations  of  intelligeni  and  aspiring  workmen,  it  has  ketdthe 
reputation  of  having  been  the  means  of  raising  many  of  them  in  their  position  in  life. 

In  consequence  of  the  lapse  of  time  since  the  Authof^s  deaths  and  the  great  advances  in 
Mechanical  Science,  the  Publishers  have  thought  it  advisable  to  have  it  entirely  Reeansiructed 
and  Modernised  ;  and  m  its  present  greatly  Enlarged  and  Improved  form^  they  art  sure 
thai  it  will  commend  itself  to  the  Eftglish  workmen  of  the  present  day  all  the  world 
ever,  and  become,  like  its  predecessors,  their  indispensable  friend  and  referee. 

A  smaller  type  having  been  adopted,  and  the  page  increased  in  siae,  while  the  nntnher 
of  pages  has  advanced  from  about  330  to  necurly  500,  the  book  pnutically  contains  double 
the  amount  of  matter  tluU  was  comprised  in  the  original  work, 

•»•  Opinions  of  the  Press. 

**In  its  modemired  form  Mutton's  '  Templeton '  should  have  a  wide  sale,  for  it  conlaias  much 
valuable  information  which  the  mechanic  will  often  find  of  u»e,  and  not  a  few  tables  and  notes  whidi  be 
might  look  for  in  vain  in  other  works.  This  modernised  edition  will  be  appreciated  by  all  who  have  learned 
to  value  the  original  editions  of '  Templeton.' " — English  Mechanic. 

"  It  has  met  with  great  success  in  the  engineering^  workshoft,  as  we  can  testify ;  and  there  are  a 
great  many  men  who,  in  a  great  measure,  owe  their  rise  m  life  to  this  little  book.** — Building  Newt. 

*'  This  familiar  text* book — well  known  to  all  mechanics  and  engineers  is  of  essential  service  to  the 
every-day  requirements  of  engineers*  millwrights,  and  the  various  trades  connected  with  engioeeriM 
and  building.    The  new  modernised  edition  is  worth  its  weight  in  gold."~-^»iUwv'  t^etos^     (Stfcoaa 

Notice^ 

**  This  well-known  and  largely-used  book  contains  information,  brought  up  to  date,  of  the  sort  so 
useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introduce  as  to  coBSti- 
tute  it  practically  a  new  book.    It  will  be  largely  used  in  the  office  and  workshop." — Mechanical  Wpvid. 

**  The  publishers  wisely  entrusted  the  task  of  revision  of  this  popular,  valuable,  and  uselul  book  to 
Mr.  Hutton,  than  whom  a  more  comjMte&t  man  tbey  could  not  have  found." — Iren. 
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Stone-working  Machinery. 

STONE'WORKING  MACHINERY,  and  the  Rapid  and  Economical 
Convershn  of  Stone.  With  Hints  on  the  Arrangement  and  Management  of  Stone 
Works.  ByM.  Powis  Bale,  M.I.M.E.,  A.M.I.CE.  With  numerous  Illustra- 
tions.   Large  crown  8vo,  95*.  cloth. 

'*The  book  should  bo  in  the  hands  of  every  mason  or  student  of  stonework."— C^/Ztfr^T  Gmetrdinn. 
"  It  it  in  every  sense  of  the  word  a  standard  work  upon  a  subject  which  the  author  is  fully  com- 
petent to  deal  exhaustively  with."— ^M'A/^t  Wtekly  Reporter, 

"A  capital  handbook  for  all  who  manipulate  stone  for  building  or  omamenUl  purposes.**— 
Mackingry  Marktt, 

Turning. 

LATHE-WORK:  A  Practical  Treatise  on  the  Tools,  Appliances,  a$td 

Processes  employed  in  the  Art  of  Turning,      By   Paul  N.   HA:iLUCK.      Third 

Edition,  Revised  and  Enlarged.     Crown  8vo,  ^s.  cloth. 

"  Written  by  a  man  who  knows  not  only  how  work  ought  to  be  done,  but  who  also  knows  how  to  do 
it,  and  how  to  convey  his  knowledge  to  others.  To  all  tuners  this  book  wuuld  be  valuable."— AM^W/r<Wf. 

*'  We  can  safely  recommend  the  work  to  young  engineers.    To  the  amauur  it  will  simply  be  invalii 
able.    To  the  student  it  will  convey  a  great  deal  of  useful  information."— £«vMrrr. 

"  A  compact^  succinct,  and  handy  guide  to  lathe-work  did  not  exist  in  our  language  until  Mr.  Has- 
luck,  by  the  publication  of  this  treatise,  gave  the  turner  a  true  wuU  m»cum,**^H9uu  Dtecrator, 

SoreW'Cutting. 

SCREW  THREADS:  And  Methods  of  Producing  Them.  With 
Numerons  Tables  and  complete  directions  for  using  Screw-Cutting  Lathes.  By 
PaulN.  Hasluck,  Author  of  •*  Lathe- Work,"  **The  MeUl  Turner's  Handy- 
book,"  &c.    Waistcoat-pocket  size,  price  is.  \Just published, 

"  FuU  of  useful  information,  hints,  and  practical  criticism.    Taps,  dies,  and  screwiag^tooU  gene- 
rally are  illustrated  and  their  action  descnhed,"—AfecAan£cal  IVorld. 

"  It  is  a  complete  compendium  of  all  the  details  of  the  screw-cutting  lathe;  in  fact,  a  multum  im 
parvc  on  all  the  subjects  it  treaU  npaa."'-Carpenier  &-  BmkUr. 

Engineer's  and  Machinist's  Assistant 

THE  ENGINEER'S,  MILLWRIGHT'S,  AND  MACHINISTS 
PRACTICAL  ASSISTANT  A  collection  of  Useful  Tables,  Rules,  and  Data. 
By  William  Templeton.     Seventh  Edition,  with  Additions.    i8mo,  2s.  6d.  cloth. 

"  Templeton's  handbook  occupies  a  foremost  place  among  books  of  this  kind.    A  more  suitable  present 
to  an  apprentice  to  any  of  the  mechanical  trades  could  not  possibly  be  m»At,**—BmldiH^  //fwu 

"A  deservedly  appreciated  work,  which  should  be  in  the  'drawer 'of  every  mtchMa\c.**-~£m£lisk 
Mechmtuc, 

Iron  and  Steel. 

"IRON  AND  STEEL'*:  A  Work  for  tlu  Forge,  Foundry,  Factory,  and 

Office,     Containing  ready,   useful,  and  trustworthy  Information  for  Ironmasters 

and  their  Stock-takers ;  Managers  of  Bar,  Rail.  Plate,  and  Sheet  Rolling  Mills ; 

Iron  and  Metal  Founders ;  Iron  Ship  and  Bridge  Builders ;  Mechanical,  Mining, 

and  Consulting  Engineers ;    Architects,  Contractors,   Builders,  and   Professional 

Draughtsmen.     By  CHARLkS  Hoare,  Author  of  **The  Slide  Rule,"  &c.    Kiglich 

Edition,  Revised  throughout  and  considerably  Enlarged.     With  folding  Scales  of 

"Foreign  Measures  compared  with  the  English  Foot,"   and   "Fixed  Scales  of 

Squares,  Cubes,  and  Roots,  Areas,  Decimal  Equivalents,  &c.*'     Oblong  32mo, 

leather,  elastic-band,  dr. 

'*  For  comprehensiveness  the  book  has  not  its  equaL" — Iron, 

"  One  of  the  best  of  the  pocket  books,  and  a  useful  companion  in  other  branches  of  work  than  iron 
and  steeL"— £iv/uA  Meclumie, 

*'  We  cordially  recommend  this  book  to  those  engaged  in  considering  the  detaihi  ot  all  kinds  of  iron 
and  sleel  yiiXK)a."-^Natml  Sciemct. 

High-Pressure  Steam  Engines. 

THE  HIGH'PRESSURE  STEAM-ENGINE;  an  Exposition  of  its 
Comparaiive  Merits^  and  an  Essay  towards  an  Improfved  System  of  Consirttction, 
By  Dr.  Ernst  Alban.  Translated  from  the  German,  with  Notes,  by  Dr.  Pole, 
M.  Intic.  C.E.  &c.    With  2&  Plates.     Svo,  i6f.  (id,  cloth. 

'*  Goes  thoroughly  jnto  the  examination  of  the  high-pressure  engine,  the  boiler,  and  iu  appendages, 
and  deserves  a  place  iq  every  sdcnufic  hbrary.**-^^ajw  5'Ai>/ii»/  tkronicU, 


CROSBY  LOCKWOOD  &*  SON'S  CATALOGUE. 


Engineering  Conatruotion. 

PA  TTERN'MAKING  :  A  Practical  Treatise,  embracing  the  Main  Types 
of  Engineering  Construction  and  including  Gearing,  both  Hand  and  Machtne-made^ 
Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns,  Screws,  Machine  Parts, 
Pumps  and  Cocks,  the  Moulding  of  Patterns  in  Loam  and  Greensand,  &c.;  together 
with  the  methods  of  Estimating  tne  weight  of  Castings ;  to  which  is  added  an  Appen- 
dix of  Tables  for  Workshop  Reference.  By  A  Foreman  Pattern-Makkr. 
With  upwuxls  of  370  Illustrations.    Crown  8vo,  7x.  6d.  cloth. 

"  A  well-«rriuen  technicftl  giude,  eyidently  written  by  a  man  who  nndentands  and  has  pnctiaed 

what  he  has  written  about We  cordially  recommend  it  to  engineering  students,  yomg 

journeymen,  and  otben  desirous  of  being  initiated  into  the  mysteries  of  pattern-making."— .9«»^^Crr. 

"  The  trade  of  the  pattern  maker  is  now  an  important  specialty  in  ail  branches  of  engineering  and 
construction We  can  confidently  recommend  this  comprehensive  treatise." — Building  If wmtn 

"  Likely  to  prove  a  welcome  guide  to  many  workmen,  especially  to  drauj^htsmen  who  have  lacked  a 
training  in  the  sho^,  pupils  pursuing  their  practical  studies  in  our  iactones,  and  Co  employers  and 
managers  in  engineering  works. '—^an^VMsrir  TradM  JoummL 

*'  More  than  370  illustrations  help  to  explain  the  teat,  which  is,  however,  alwavs  clear  and  explicit, 
thus  rendering  the  work  an  excellent  tmdt  miottm  for  the  apprentice  who  desires  to  become  master  of  his 
*nAt,**— English  MeeJumic, 

J)iotionary  of  Mechanical  Engineering  Terms. 

LOCKWOOnS  DICTIONARY  OF  TERMS  USED  IN  THE 
PRACTICE  OF  MECHANICAL  ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turning,  Smiths*  and 
Boiler  Shops,  &c.  &c.  Comprising  upwards  of  6,000  Definitions.  Edited  bj 
A  Foreman  Pattern -Maker,  Author  of  "  Pattern  Making."  Crown  8vo,  ^s.  6d. 
cloth.  Ifust  pMisked. 

'*J}^*^  the  sort  of  handy  dictionary  required  by  the  various  trades  en|[aged  in  mechanical  engineer- 
«ng.^  The  practical  engueeriuK  pupil  will  find  the  book  of  great  value  in  hu  studies,  and  every  foreman 
-engineer  and  mechanic  should  nave  a  copy." — BmUing  Ntws* 

**  After  a  careful  examination  of  the  book,  and  trying  all  manner  of  words,  we  think  that  the  en- 
•paeer  will  here  find  all  he  is  likely  to  require.    It  will  be  laigelv  used." — Practical  Engineer. 

"This  admirable  dictionary,  although  primarily  intended  for  the  use  of  draughtsmen  and  other 
technical  craftsmen,  is  of  much  larger  value  as  a  book  of  reference,  and  will  find  a  ready  wekone  in 
onany  libraries." — Glasgow  Herald, 

•Smith's  Tables  for  Mechanics,  &c, 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 
FOR  MECHANICS,  ENGINEERS,  ARCHITECTS,  BUILDERS,  6f*c. 
Selected  and  Arranged  by  Francis  Smith.  Fourth  Edition,  Revised  and  Enlarged, 
250  pp.     Waistcoat-pocket  size,  ix.  6d,  limp  leather.  \yust published. 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notM  and  fiDrmulm  to 
-suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine ;  but  Mr.  Smith's  waistcoat-pocket  col- 
ilection  may  be  looked  upon  as  a  successful  attempt." — Ettgineer, 

**  The  best  example  we  have  ever  seen  of  240  pages  of  useful  omtter  packed  into  the  dimenaons  of  a 
■card-case."— ^i«iY<//«f  New*.  '*  A  veritable  poocet  treasury  of  knowledge." — Irvn. 

■Steam  Boilers. 

A  TREATISE  ON  STEAM  BOILERS:  Their  Strength,  Construe- 
Hon,  and  Economical  fVorhin^.  By  R.  WiLSON,  C.E.  Fifth  Edition.  i2mo,  dr.  doth. 

"The  best  treatise  that  has  ever  been  published  on  steam  ho\lers,**'^£ngtneer. 
**  The  author  shows  himself  perfect  master  of  his  subject,  and  we  heardly  recommend  all  employing 
^eam  power  to  possess  themselves  of  the  mork.,**—Ry lands  Iron  Trade  Circular. 

Boiler  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS;  Their  Draught-Power  and 
Stabiliy.  With  a  Chapter  on  Lightning  Conductors.  By  Robert  WILSON,  A.I.C.E. , 
Author  of  '*A  Treatise  on  Steam  Boilers."  &c.     Second  Edition.     Crown  8t0| 
51.  6</.  cloth. 

Boiler  Making. 

THE  BOILER^MAKER'S  READY  RECKONER.  With  Examples 
of  Practical  Geometry  and  Templating,  for  the  Use  of  Platers,  Smiths,  and 
Riveters.  By  John  Courtney,  Edited  by  D.  K.  Clark,  M.I.CE.  Second 
Edition,  revised  with  additions,  i2mo,  ^r.  balf-bound. 

"  A  mo»t  useful  work.  .  .  .  No  workman  or  apprentice  should  be  without  this  book^^^/ms 
Trade  Circular. 

**  A  reliable  guide  to  the  working  boiler  maker." — Iron, 

**  Boiler  makers  will  readily  recognise  the  value  of  this  volume.  .  .  .  The  tables  are  clearly 
printed,  and  so  arranged  that  they  can  be  referred  to  widi  the  greatest  facility,  so  that  it  cannot  lie 
doubted  thjit  they  will  be  generally  appreciated  and  much  \ised.**-^Afining  yournoL 


MECHANICS,  MECHANICAL  ENGINEERING,  &-c.  5 

Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Supplement 
on  G«s  Engines.  By  T.  M.  Goodbvb,  M.  A.,  Barrister-at-Law,  Author  of  "  The 
Elements  of  Mechanism,"  &c.  Ninth  Edition,  Enlarged.  With  numerous  Illus- 
trations.   Crown  8vo,  6r.  doth.  Ijfust  publUhid, 

"  Professor  Goodeve  has  given  us  a  treatise  oo  tlie  steam  engine,  whidi  will  bear  oomparison  with 
anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higlwr  praise."— ^n^^Mr^r. 

"  Professor  Goodeve's  book  is  ably  and  clearly  written.    It  is  a  sound  work.**— ^  thtntmm. 

"Mr:  Goodeve*s  text-book  is  a  work  of  whidi  every  young  engineer  should  possess  himself.'*— 

**  Essentially  practical  in  iu  aim.    The  manner  «f  exposition  leaves  nothing  to  be  desired.**— 
StPisman, 

"A  valuable  vade  meeum  for  the  student  of  engineering,  and  should  be  in  the  possession  of  every 
scientific  n»det,**—C0ltitrj  Gmardum, 


Oae  Engines. 


ON  GAS  ENGINES,    Being  a  reprint,  with  some  additions,  of  the  Sup- 

glement  to  the  Text-book  on  the  SUam  Engitu,  by  T.  M.  Goodbvb,  M.A.    Crown 
vo,  2/.  6d,  cloth.  [Jtist  publishid. 

*'  Like  all  Mr.  Goodeve's  writings,  the  present  is  no  exoeption  in  point  of  general  excelLeoce.  It  is 
a  valuable  UtUe  volume/*— ^rrAawW  IVoHd. 

'*  This  little  book  will  be  useful  to  those  who  desire  to  understand  how  the  gas-engine  works.*— 
£^tii*kM€€kmmic, 

Steam. 

THE  SAFE  USE  OF  STEAM.  ConUining  Rules  for  Unprofessional 
Steam-users.    By  an  Engineer.    Fifth  Edition.    Sewed,  6d, 

"  If  steam-users  would  but  learn  this  little  book  by  hear^  boiler  explosions  would  become  sensations 
by  their  rarity."-irflir/MA  Meekamic, 

Goal  and  Speed  Tables. 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for  Engineers 
and  Steam-users.  By  Nelson  Foley,  Author  of  *'  Boiler  Construction."  Pocket- 
size,  3J.  6</.  cloth ;  4f.  leather. 

"  This  is  a  very  useful  book,  containing  very  useful  mbles.  The  results  given  are  well  chosen,  and 
the  volume  contains  evidence  that  the  author  really  understands  his  subjecu  We  can  recommend  the 
work  with  pleasure.*'— /fMAenUm/  »W&/. 

*'  These  tables  are  designed  to  meet  the  requirements  of  every-day  use ;  they  are  of  sufficient  scope 
for  most  practical  purposes,  and  may  be  commended  to  engineers  and  users  of  steam.**— /r^n. 

**  This  pocke^Dook  well  merits  the  attcarion  of  the  practical  engineer.  Mr.  Foley  has  compiled  a 
very  useful  set  of  tables,  the  information  contained  in  which  is  frequently  required  by  eagittcers,  coal 
consumers,  and  users  of  steam."— /rmt  Mtd  Cpml  Tfdtt  Rtvu 


Fire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With  a  History 
of  Fire-Engines,  their  Constniction,  Use,  and  Management ;  Remarks  on  Fire- Proof 
Building  and  the  Presenration  of  Life  from  Fire  ;  Staiibtics  of  the  Fire  Appliances 
in  English  Towns ;  Foreign  Fire  Systems ;  Hints  on  Fire- Brigades,  &c.  &c.  By 
Charles  F.  T.  Young,  C.E.  With  nameroos  Illustrations,  544  pp.,  demy  8vo, 
£1  4r.  cloth. 

**To  such  of  our  readera  at  are  interested  in  the  sul^cct  of  fires  and  fire  apparatu«,  we  can  nuMt 
heartily  commend  this  book.  It  is  really  the  only  English  work  we  now  have  upon  the  subject.**^ 
£mgime€rii»£. 

**  It  displays  much  evidence  of  careful  research,  and  Mr.  Young  has  out  his  foots  neatly  logelber. 
It  is  evident  enough  that  his  acquaintance  with  the  practical  demils  of  the  construction  of  steam  ffare 
engines,  old  and  new,  and  the  conoilions  with  which  it  is  necessary  they  should  comply,  is  accurate  and 
fuU.'*— iTvnwfr. 

Qas  Lighting. 

COMMON  SENSE  FOR  GAS-USERS:  A  Catechism  of  Gas-Lighting 

for  Householders,   Gasfitters,    Millowners,  Architects,   Engineers,  &c.   &c     By 

Robert  Wilson,   C.E.,  Anthor  of  "A  Treatise  on  Steam  Boilers."    Second 

Edition.     With  Folding  Plates  and  Wood  Engravings.      Crown  8to,  price  u. 

in  wrapper. 

"  AU  oe-users  will  decidedly  benefit  both  in  pocket  and  comfort,  if  they  will  avail  themstlves  of 
Mr.  Unisoirs  couasels.'*^^ js/iW^n'm^. 
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THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 

(**The  Engine  Driver's  Friend"). 

Looomotioe'Engine  Drioing. 

LOCOMOTIVE-ENGINE  DRIVING:  A  Practical  Manual  for  En- 
gineers in  charge  of  Locomotive  Engines,  By  M ICHAEL  Reynolds,  Member  of  the 
Society  of  Engineers,  formerly  Locomotive  Inspector,  L.  B.  and  S.  C.  R.  Seventh 
Edition.  Including  a  Key  to  the  Locomotive  Engine.  AVith  lUostrations  and 
Portrait  of  Author.     Crown  8vo,  4^.  td,  cloth. 

"  Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  it  well.  We  can  confidently  recommend  the 
book  not  only  10  the  practical  driver,  but  to  everyone  who  takes  an  interest  in  the  performance  of  loco* 
motive  engines."— 7*^  AiiSfifc«/r. 

*'  Mr.  Reynolds  has  opened  a  new  chapter  in  the  literature  of  the  day.  This  admirable  piactical 
treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation.** — Atktnmim, 

**  Evidently  the  work  of  one  who  knows  his  subject  thoroughly." — Rtulway  Service  Gasette. 

"  Were  the  cautions  and  rules  given  in  the  book  to  become  part  of  the  eveiy-day  working  of  our 
engine-drivers,  we  might  have  fewer  distressing  accidents  to  deplore."— <SctftoiM«. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING:  A  Practical  Manual  for  En- 
gineers in  Charge  of  Stationary  Engines,  By  MICHAEL  Reynolds.  Third 
Edition,  Enlarged.     With  Plates  and  Woodcuts.     Crown  8vo,  4;.  6^.  cloth. 

"  The  author  js  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points  treated 
is  clear  and  practical.  ....  He  has  produced  a  manual  which  is  an  exceedingly  useful  one  for  the 
class  for  whom  it  is  specially  intended." — Engineering, 

'*  Our  author  leaves  no  stone  unturned.  He  is  determined  that  his  readers  shall  not  only  know 
something  about  the  stationary  engine,  but  all  about  it.** — Engineer, 

"  An  engineman  who  has  mastered  the  contents  of  Mr.  Reynolds's  book  will  require  but  little  actual 
experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  uxtrnJ^-^Englisk  Mechanic, 

Ttie  Engineer,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN.  AND 
ENGINE'BO  Y,  Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive  Engines 
and  their  Inventors.  By  Michael  Reynolds.  With  numerous  Illustrations, 
and  a  fine  Portrait  of  George  Stephenson.     Crown  8vo,  45.  dd,  cloth. 

"  From  the  technical  knowledge  of  the  author,  it  will  appeal  to  the  railway  man  of  to-day  more  forcibly 

than  anything  written  by  Dr.  Smues The  volume  contains  information  of  a  technical  kind, 

and  facts  that  every  driver  should  be  familiar  vn:Cti*^—EngU*k  Mechanic. 

**  We  should  be  glad  to  see  this  book  in  the  possession  of  everyone  in  the  kingdom  who  has  ever 
laid,  or  is  to  lay,  hands  on  a  locomotive  engine.** — Iron, 

Continuous  Raiiway  Braltee. 

CONTINUOUS  RAILH^'AY  BRAKES:  A  Practical  Treatise  on  the 
several  Systems  in  Use  in  the  United  Kingdom  ;  their  Construction  and  Perform^ 
ance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael  Reynolds. 
Large  crown  8vo,  91.  cloth. 

"A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming  public 
opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake." — English  Mechanic. 

*'  Written  with  sufKcient  technical  detail  to  enable  the  principal  and  relative  connection  of  the  various 
parts  of  each  particular  brake  to  be  readily  grasped."— AfccAaiwai/  World, 

Engine-Driuing  Life. 

ENGINE-DRIVING  LIFEy  or,  Stirring  Adventures  and  Incidents  in 
the  Lives  of  Locomotive  Engine-Drivers.  By  Michael  Reynolds.  Ninth 
Thousand.     Crown  8vo,  2s.  cloth. 

*'  Frtm  first  to  last  perfectly  fascinadng.  Wilkie  Collins's  most  thrilling  conceptions  are  thrown  into 
the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page." — North  British  MeuL 

**  Anyone  who  wishes  to  set  a  real  insight  into  railway  life  cannot  do  better  than  read  *  Engine- 
Driving  Life'  for  himself,  and  if  he  once  takes  it  up  he  will  find  that  the  author's  enthusiasm  and  real 
love  of  the  engine-driving  profession  will  carry  him  on  till  he  has  read  every  page." — Saturday  Review. 

Pocket  Companion  for  Enginemen. 

THE  ENGINEMAN 'S  POCKET  COMPANION  and  Practical 
Educator  for  Enginemen^  Boiler  Attendants,  emd  Mechanics.  By  Michael  Rey- 
nolds. With  Forty-five  Illustrations  and  numerous  Diagrams.  Second  Edition, 
Revised.     Royal  l8mo,  3^.  td,  strongly  bound  for  pocket  wear.       \Just  published, 

"This  admirable  work  is  well  suited  to  accomplish  its  object,  being  the  honest  workmanship  of  a 
com)  etent  engineer. '* — Glasgow  Herald. 

"A  most  meritorious  work,  giving  in  a  niocinct  and^  practical  form  all  the  information  an  engine- 
minder  desirous  of  mastering  the  scientific  principles  of  his  daily  calling  would  reottire."^7Vltf  MiUer. 

**A  boon  to  those  who  are  striving  to  become  efficient  mechanics."— J9a»(r  Chronicle. 


CIVIL  ENGINEERING,  SURVEYING,  ^c. 


frenoh'Engliah  Qloaaary  for  Engineers,  &q. 

A  POCKET  GLOSSARY  OF  TECHNICAL  TERMS:  ENGLISH- 
FRENCH,  FRENCH-ENGLISH;  with  Tables  suitable  for  the  Architcctaral, 
Kngineering,  Manufacturing  and  Nautical  Professions.  By  John  James  Fletcher, 
Engineer  and  Surveyor ;  200  pp.     Waistcoat-pocket  size,  1  j.  (^J.  limp  leather. 


"  It  ouf^ht  ceruinly  to  be  in  the  waisicoat-pocket  of  everv 
"  It  is  a  very  greftt  advantage  for  readers  and  corresp  mAi 


professioaal  man.''«->/r9»* 
"  It  is  a  very  great  advantage  for  readers  and  corresp  >ndeais  in  France  and  England  to  have  so 

ilarge  a  number  of  the  words  relating  to  engiueering  and  manufacturers  collected  in  a  Uliputian  volume. 

The  little  book  will  be  uieiul  both  to  t-tudents  and  travellers,"— i4nf4i7«r/.  ...  j 

"  The  gloi^sary  of  terms  is  very  complete,  and  many  of  the  Tables  are  new  and  well  arranged. 

Vit  cordially  commend  the  \Mo\s^"—MecM€uUeAl  World, 

Portable  Engines. 

THE  PORTABLE  ENGINES  ITS  CONSTRUCTION  AND 
MANAGEMENT,  A  Practical  Manual  for  Owners  and  Users  of  Steam  Engines 
generally.  By  William  Dyson  Wansbrough.  With  90  Illustrations.  <:rowii 
ivo,  3J.  6^.  cloth.  [>«'  imblishtd. 

"  This  is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every  one 
^ho  has  a  steam  engine,  on  a  farm  or  elsewhere.*'— iWarA  Lan*  Express.  v    u       • 

"  We  cordially  commend  this  work  to  buyers  and  owners  of  steam  engines,  and  to  thoae  who  have  to 

do  with  their  construction  or  use."— riiiffivr  STro^x  7^«"'"*«^*  .  ,      .  ,^  .  j       v     u 

••Such  a  general  knowledge  of  the  steam-engine  as  Mr.  Wansbrough  furnishes  to  the  reader  should 

*e  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  viig\n^.*'—Butidtng  Ntwt, 

••  An  excellent  textbook  of  this  useful  form  of  engine,  which  describes  with  allnwressary  minuteness 

4he  deuils  of  the  various  devices.    .    .    .    The  *  Hmu  to  Purchasers  *  contain  a  good  deal  of  common- 

-■sense  and  pracdcal  wisdom."— i^v^uA  Mtchamc, 


CIVIL  ENaiNEBRING,  SURVEYING,  etc. 

MR.  HUMBER'8  IMPORTANT  ENQINEERINQ  BOOKS. 
The  Water-Supply  of  Cities  and  Towns. 

A  COMPREHENSIVE  TREATISE  ON  THE  WATER-SUPPLY 
OF  CITIES  AND  TOWNS,  By  William  Humber,  A-M.  Inst.  C.E.,  «id 
M.  Inst.  M.E.,  Author  of  **Cast  and  Wrought  Iron  Bridge  Construction,  *  &c.  &c. 
Illustrated  with  50  Double  Plates,  I  Single  Plate,  Coloured  Frontispiece,  and  up- 
wards of  250  Woodcuts,  and  containing  400  pages  of  Text.  Imp.  4to,  ^6  Oj. 
elegantly  and  substantially  half-bound  in  morocco. 

List  of  Contents. 

I.  Historical  Sketch  of  some  of  the  means  that 


fiave  been  adopted  for  the  Supply  of  Water  to 
Cities  and  Towns.— II.  Water  and  the  Foreign 
Matter  usually  associated  with  it.— III.  Rainfall 
And  Evaporation.- IV.  Springs  and  the  water- 
bearing formations  of  various  districts. — V.  Mea- 
surement and  Esumation  of  the  Flow  of  Water. — 

VI.  On  the  Selection  of  the  Source  of  Supply. — 

VII.  Wells.— Vlll.  Reservoirs.— IX.  The  Pun 


Machinery.-XII.  Conduiu.— XIII.  Distnbution 
of  Water.- XIV.  Meters,  Service  Pipes,  and  House 
Fittings.— XV.  The  Law  and  Economy  of  Water 
Works.— XVL  Constant  and  Intermittent  Supply. 
—XVI  I.  Dcscriptionof  Plates.— Appendices,  giving 
Tables  of  Rates  of  Supply,  Velocities,  &c.  &c., 
together  with  Specifications  of  several  Works  illus- 
trated, among  which  will  be  found :  Aberdeen, 
»**.  -»««.- T*w.  *vc«:r^w..^— *^.  *..«  .-.»-  Bideford,  Canterbury,  Dundee,  Halifax.  Lambeth, 
fication   of  Water. -X.    Pumps. -XI.    Pumping   I    Rotherham,  Dublin,  and  others. 

"The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  in  English,  or  m  any 
other  language.  .  .  .  Mr.  Humber's  work  is  characterised  almost  throughout  by  an  exhausliveness 
much  more  distinctive  of  French  and  German  than  of  English  technical  treatises.    —Engtmetr. 

"  We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  o' 'n»^»"***"®"  ?; 
a  subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  fifty  in  number,  ■»;«  "««»y 
drawings  of  executed  works,  and  alone  would  have  commanded  the  attention  of  every  engineer  wbose 
practice  may  lie  in  this  branch  of  the  profession.*'— ^im'/i^. 

Cast  and  Wrought  Iron  Bridge  Construction. 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST  AND 
WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron  Foundatums. 
In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By  William  Humber, 
A-M.  Inst.  C.E.,  and  M.  Inst  M.E.  Third  Edition,  revised  and  much  improved, 
with  1 15  Double  Plates  (20  of  which  now  first  appear  in  this  edition),  and  numerous 
Additions  to  the  Text.     In  2  vols.,  imp.  410,  £6  i6j.  6^.  half-bound  m  morocco. 

"  A  very  valuable  contribution  to  the  standard  literature  of  civil  engineering.  .  1"  «^<*l*jJ'iJJ  *J*;;j?;°?i 
plans,  and  sections,  larae  scale  details  are  given,  which  very  much  enhance  d»«  instnicttve  worth  of  thesa 
^iv^iXrAX\ora:*^Cwii  Enrineer  and  Archittci's  Journal.  ^  •  u^4--«.  .«»o»*il  rfurinff 

••  Mr.  Humber's  sutely  volumes,  lately  issued-in  which  the  most  >np?rtant  bndget  e«««*Jf/«""f 
the  last  five  years.  j3«r  the  direction  of  the  late  Mr.  Brunei.  Sir  W.  Culitt,  Mr.  Hawkshwr.  Mr^^ 
Mr.  Fowler.  Mr.  kemans,  and  others  among  our  most  eminent  engineers,  are  drawn  and  speofiwt  W 
jireat  detail  "—iS'v)&Mtfr. 
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MR.  H UMBER'S  GREAT  WORK  ON  MODERN  ENQINEERINQ. 

Complete  in  Four  Volumes,  imperial  4to,  price;^ la  I2f.,  half-morocco.    Each  ▼olaiiie- 

sold  separately  as  follows : — 

A  RECORD  OF  THE  PROGRESS  OF  MODERN  ENGINEERING. 
First  Series.  Comprising  Civil,  Mechanical,  Marine,  Hydraulic,  Railway^ 
Bridge,  and  other  Engineering  Works,  &c.  By  William  Humber,  A-M.  Inst. 
C.E.,  &c.  Imp.  4to,  with  36  Double  Plates,  drawn  to  a  large  scale,  Photographic- 
Portrait  of  John  Hawkshaw,  C.E.,  F.R.S.,&c,  and  copious  descriptive  Letterpiess^ 
^;pecifications,  &c.,;f3  3r.  half- morocco., 

List  of  the  Plates  and  Diagrams. 

Victoria  Station  and  Roof.  L.  B.  &  S.  C  R.  Rhenuh  Rail  (s  jdates) ;  Bridge  over  the  Thames, 

(8  pUtes)  ;  Southport  Pier  (9  plates):  Victoria  West   London    Extension    Railway  (5    plates)? 

SuUon  and  Roof,  L.  C.  &  D.  and  G  W.  R.  (6  Annoor  Plates :  Suspension  Bridge,  Thanes  (4 

plates) ;  Roof  of  Creraorne  Music  HaH  ;  Bridge  plates) ;  The  Allen  engine ;  SusMnsion  Bndge, 

over  G.   N.  Railway  ;  Roof  of  Sution,  Dutch  Avon  (3  plates) ;  Undcrgnmnd  Raflway  (3  plates). 

"  Handsomely  lithographed  and  printed.  It  will  find  favour  with  nany  who  desire  to  presenre  in  a. 
permanent  form  copies  of  the  plans  and  <pecifications  prepared  for  the  guidance  of  the  contractofs  for 
many  important  engineering  works." — Engitutr, 

NUMBER'S  RECORD  OF  MODERN  ENGINEERING.  SECOND* 
Series.  Imp.  410,  with  36  Double  Plates,  Photographic  Portrait  of  Robert 
Stephenson,  C.E.,  M.P.,  F.R.S.,  &c,  and  copious  descnptive  Letterpress,  Speci- 
fications, &c.,  £^  y,  half-morocco. 

List  of  the  Plates  and  Diagrams. 

Birkenhead  Docks,  Low  Water  Basin  (1^  plates); 
Charing  Cross  Station  Roof,  C.  C.  Railway  (3 
plates) :  Digswell  Viaduct,  GreAt  Northern  Rail- 
way; Robbery  Wood  Viaduct,  Great  Northern 
Railway  ;  Iron  PermanentWav  :  Clydach  Viaduct. 
Merthyr,  Tredegar,  and  Abergavenny  Railway  ; 


Ebbw  Viadua,  Meithyr,  Tredegar,  and  Aber* 
gavenny  Railway:  College  Wood  Viaduct,  Corn- 
wall Railway :  Dublin  Winter  Palace  Roof  (^ 
plates) ;  Bridge  over  the  Thames.  L.  C  and  D. 
Railway  (6  plates) ;  Albert  Harbour,  Greenock. 
(4  plates). 

*'  Mr.  Humber  has  done  the  profession  good  and  true  servicer  bv  the  fine  collection  of  examples  he  haa> 
here  brought  before  the  profe&iion  and  the  publtc*' — PraeHcai  M«ck£Utu:*t  youmaL 

NUMBER'S  RECORD  OF  MODERN  ENGINEERING.  THIRD- 
Series.  Imp.  4to,  with  40  Double  Plates,  Photographic  Portrait  of  J.  R.  M'Clean, 
late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Specifications,  &c.,^35r» 
half-morocco. 

List  of  the  Plates  and  Diagrams. 


Main  Dxainagc,  Mbtropolis  —North  Sidt. 
—  Map  showing  Interception  of  Sewers;  Middle 
Level  Sewer  ^  plates) ;  Outfall  Sewer,  Bridge 
over  River  Lea  (3  plates)  ;  Outfall  Sewer,  Bridge 
over  Marsh  Lane,  North  Woolwich  Railway,  and 
Bow  and  Barking  Railwav  Junction ;  Outfall 
Sewer,  Bridge  over  Bow  and  Barking  Railway  (3 
plates) ;  Outfall  Sewer,  Bridge  over  East  London 
Waterworks*  Feeder  (a  plates);  Outfall  Sewer, 
Reservoir  (a  plates) ;  Outfall  Sewer,  Tumbling 
Bay  and  Outlet;  Outfall  Sewer,  Penstocks. 
South  5'n&.— Outfall  Sewer,  Bennondsey  Branch 


(s  plates);  OutCall  Sewer,  Reservoir  and  Outlet 
(4  plates) :  Outfall  Sewer.  Filth  Hoist ;  Sections- 
of  Sewers  (North  and  South  Sides). 

Thames  Embankmbnt. — Secdonof  RiverWall ; 
Steamboat  Pier,  Westminster  (s  plates)  {  fjindin^ 
Stairs  between  Charing  Cross  and  Waterloo 
Bridges :  York  Gate  (9  plates) ;  OTeiflow  and 
Outlet  at  Savoy  Street  Sewer  (3  plates)  ;  Steanr 
boat  Pier,  Waterloo  Bridge  (3  putes) ;  Jniictioiv 
of  Sewen,  Plans  and  Sections ;  Gullies^  Plaas^ 
and  Sections ;  Rolling  Stock ;  Granite  and  Iron 
Forts. 


"  The  drawings  have  a  constantljr  increasing  value,  and  whoever  desires  to  possess  dear 
tions  of  the  two  great  works  earned  out  by  our  Metropolitan  Board  will  obtain  Mr. 
▼olume.'*— J^iytiMirr. 


umber'a 


NUMBER'S  RECORD  OF  MODERN  ENGINEERING.  Fourth 
Series.  Imp.  4to,  with  36  Double  Plates,  Photographic  Portrait  of  John  Fowler, 
late  Pres.  Inst.  C.E.,  and  copious  descriptive  Letterpress,  Specifications^  &c.,  ^3  3x. 
half-morocco. 

List  of  the  Plates  and  Diagrams. 


Abbey  Mills  Pumping  Station.  Main  Drainage, 
Metropolis  (4  plates) ;  Barrow  Docks  (5  platesj ; 
Manquis  ^Haduct,  Santiago  and  Valparaiso  Rail- 
way fa  plates);  Adam's  Locomotive,  Sl  Helen's 
Canal  Railway  (a  plates) ;  Cannon  Street  Station 
Roof,  Charing  Cross  Railway  (3  plates) ;  Road 
Bridge  over  the  River  Moka  (2  plates) ;  Telegra- 


phic Apparatus  for  Mesopotamia;  Vladact  over 
the  River  Wye,  Midland  RaUwaj  (3  plates);  St. 
Germans  Viaduct.  Cornwall  Railmty  (a  plates) ; 
Wrought-Iron  Cylinder  for  Diving  Bell :  M illvaU 
Docks  (6  plates);  Milroy's  Patent  Excavator 
Metropolitan  District  Railway  (6  plates);  Har- 
bours, Ports,  and  Breakwaters  (3  plates). 

"  We  gladly  welcome  another  year's  issue  of  this  valuable  publication  from  the  able  pen  of  Mr.  Hum- 
ber. The  accuracy  and  general  excellence  of  this  work  are  well  known,  while  its  usefulness  ia  sivins 
the  measurements  and  details  of  some  of  the  latest  examples  of  engineering,  as  carried  out  by  the 
eminent  men  ia  the  profession,  eaanot  be  too  highly  prised."— ^r/rnsM. 
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MH.   HUMBER'8  engineering  B00K8-a>niinu€d. 
Strains,  Calculation  of, 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS  IN 

GIRDERS  AND  SIMILAR  STRUCTURES,  AND  THEIR  STRENGTIL 

Consisting  of  Formulae  and  Corresponding  Diagrams,  with  numerous  details  for 

Practical  Application,  &c.     By  William  Humber,  A-M.  Inst.  C.E.,  &c.     Fourth 

Edition.     Crown  8vo,  with  nearly  lOO  Woodcuts  and  3  Plates,  71.  6d,  cloth. 

"The  formuls  are  neatly  expressed,  and  the  diagrams  %wA.'*'~Atktnaum. 

We  heartily  coaunend  this  really  handy  book  to  our  engineer  and  architect  readers."— ^n/ZiM 
Meckamic, 

Barlow'8  Strength  of  Materials,  enlarged  by  Humber. 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS;  with 
Rules  for  Application  in  Architecture,  the  Construction  of  Suspension  Bridges, 
Railways,  &c.  By  Peter  Barlow,  F.R.S.  A  New  Edition,  revised  by  hi& 
Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S.;  to  which  are  added. 
Experiments  by  Hodgkinson,  Fairbairn,  and  Kirkaldy  ;  and  Formula  for 
Calculating  Girders,  &c.  Arranged  and  Edited  by  Wm.  Humber,  A-M.  Inst.  C.E. 
Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Woodcuts,  i&r.  cloth. 

"Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner,  it  will  alirays  rank  in  fature» 
has  hitheito  done,  as  the  sundard  treatise  on  that  particular  subject."— ^iy/M«rr. 
"  There  is  no  greater  authority  than  h9x\xim."^BmUliMf  Ntwt, 

"As  a  scientific  work  of  the  first  dass,  it  deserves  a  foremost  place  on  the  bookshelret  of  every 
civil  engineer  and  practicJ  mw^bajk\c."—En/^lish  Mechanic. 


Trigonometrioal  Surveying. 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A  TRIGO- 
NOMETRICAL SURVEY^  for  the  lomiation  of  Geographical  and  Topographieal 
Maps  and  Plans,  Military  Reconnaissance,  Levelling,  6f*c,,  with  Useful  Problems, 
Formulae,  and  Tables.  By  Lieut -General  Frome,  R.E.  Fourth  Edition,  Revised 
and  partly  Re-written  by  Maior-General  Sir  Charles  Warren,  G.C.M.G.,  R.E. 
With  19  Plates  and  115  Woodcuts,  royal  8vo,  idr.  cloth. 

*'The  simple  fact  that  a  fourth  edition  haa  been  called  for  is  the  best  testiobony  to  its  merits.  No 
words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintained  by  this  work. 
Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary  to  bring  every 
portion  of  the  contents  up  to  the  present  date." — Broad  Arrow. 

Oblique  Bridgee. 

A   PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBUQUE 

BRIDGES,  With  13  large  Plates.  By  the  late  George  Watson  Buck,  M.LC.E. 

Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.E.;  and  with  the 

addition  of  Description  to  Diagrams  for  Facilitating  the  Construction  of  Oblique 

Bridges,  by  W.  H.  Barlow,  ld.I.C.E.     Royal  8vo,  izr.  cloth. 

"The  standard  text-book  for  all  engineers  regarding  skew  arches  is  Mr.  Buck's  treatise,  and  it  would 
be  impossible  to  consult  a  \MXVtx**-'Enginier, 

'*  Mr.  Buck's  treatise  is  recognised  as  a  standard  text-book,  and  Us  treatment  has  divested  the  subject 
of  many  of  the  intricacies  suoposed  to  belong  to  it.  As  a  guide  to  the  engineer  and  architect,  on  a 
confessedly  difficult  subject,  Mr.  Buck's  work  is  imturpassed."— i^MViftiiiSf  Airwf. 

Bridge  Conetruotlon. 

EXAMPLES  OF  BRIDGE  AND  VIADUCT  CONSTRUCTION 
OFMASONR  K,  TIMBER,  AND  IRON,  Consisting  of  46  Plates  from  the  Contract 
Drawings  or  Admeasurement  of  select  Works.  By  W.  D.  Haskoll,  C.E. 
Second  Edition,  with  the  addition  of  554  Estimates,  and  the  Practice  of  Setting 
oat  Works.  Illustrated  with  6  pages  of  Diagnms.  Imp.  4to,  £2  I2r.  6d,  half- 
morocco. 

"  A  work  of  the  present  nature,  by  a  man  of  Mr.  HaskoU's  experience,  must  prove  invaluable. 
The  tables  of  estimatrs  will  considerably  enhance  its  value." — EMgi$u*rmc. 

Earthwork. 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cubic  Yards  of 
Embankments,  Cuttings,  &c.,  of  Heights  or  Depths  up  to  an  average  of  80  feet.  By 
Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E.     Crown  Svo,  5^.  cloth. 

'*  The  way  in  which  accuracy  is  attained,  by  a  siaip!e  division  of  each  cross  section  into  three 
elements,  two  in  which  are  constant  and  one  variable,  is  iogenious."— ^M«RMr»M. 
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Statics,  Oraphio  and  Analytio. 

GRAPHIC  AND  ANALYTIC  STATICS',  in  their  Practical  Applica- 
tion to  the  Treatment  of  Stresses  in  Roofs,  Solia  (  » ?  r.%  Lattice^  Bowstring,  and 
Suspension  Bridges,  Braced  Iron  Arches  and  JH'S,  and  other  Frameworks,  By 
R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale.  With 
numerous  Examples,  many  taken  from  existing  Structures.  Specially  arranged 
for  Class- work  in  Colleges  and  Universities.  Second  Edition,  Revised  and  En- 
larged.   8vo,  I  dr.  cloth. 

"  Mr.  Gnham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  used  or  studied."^ 
Bngmetr, 

*'  This  exhaustive  treatise  is  admirably  adapted  for  the  architect  and  engineer,  and  will  tend  to  wean 
Che  profeaioa  from  a  tedious  and  laboured  mode  of  calculation.  To  prove  uie  accuracy  of  the  graphical 
demonirrations,  the  author  compares  them  with  the  analytic  fonnulas  given  by  Rankine."—- ^anWi^ 
Netn, 

*'The  work  it  excellent  from  a  practical  point  of  view,  and  has  evidendv  been  prepared  with  much 
care.  The  directions  for  working  are  ample,  and  are  illustrated  by  an  abundance  of  well-selected 
examples.    It  is  an  excellent  text-book  for  the  practical  draughtsman." — Atkenmum, 

Survey  Praotice. 

AID  TO  SUR  VE  Y  PR  A  CTICE  :  for  Reference  in  Surveying,  LeveUing, 
Setting'^ut  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea.  With  Tables, 
Illustrations,  and  Records.  By  Lowis  D'A.  Jackson,  A.M.I.C.E.,  Author  of 
''Hydraulic  ManuaU"  "  Modem  Metrology,"  &c.  Laige crown  8vo,  12s.  6d.  cloth. 

"  Mr.  Jf  ackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.  We  can  recommend  this  book 
as  containug  an  admirable  supplement  to  the  teaching  of  the  accompluhed  surveyor."— ^Mmumm. 

'*  We  cannot  recommend  to  the  student  who  knows  something  of  the  mathematical  principles  of  the 
subject  a  better  course  than  to  fortify  his  practice  in  the  field  under  a  competent  surveyor  with  a  study  of 
Mr.  Tackson's  useful  m8CDMM\*'— Building  News. 

**  As^  a  text-book  we  should  advise  ail  surveyors  to  place  it  in  their  libraries,  and  study  well  the 
matured  instructions  afforded  in  its  pages.**— C^Z/mv^  Guardian. 

**  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which,  aided  by 
a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one." — Builder. 

Surueying,  Land  and  Marine. 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the  Prepara- 
tion of  Plans  for  Roads  and  Railways  ;  Canals,  Rivers,  Towns'  Water  Supplies ; 
Docks  and  Harbours.  With  Description  and  Use  of  Surveying  Instruments.  By 
W.  Davis  Haskoll,  C.E.,  Author  of  "Bridge  and  Viaduct  Construction,*' &c. 
Second  Edition,  Revised,  with  Additions.   Large  crown  8vo,  gs.  cloth. 

'*  This  book  must  prove  of  greAt  value  to  the  student.  We  have  no  hesitation  in  recommending  it, 
feeling  assured  that  it  will  more  than  repay  a  careful  study."— ^«cAaj»«ca/  World, 

'*  A  most  useful  and  well  arranged  book  for  the  aid  ot  a  student.  We  can  strongly  recemmend  it  ss 
a  carefully-written  and  valuable  tex^book.  It  eujoys  a  well-deserved  repute  among  surveyors."— iffw'i'f''* 

"This  volume  cannot  fail  to  prove  of  the  utmost  pracdcal  utility.  It  may  be  safely  recommended  to 
all  students  who  aspire  to  become  dean  and  expen  survejrors." — Mining  ymtrmoL  * 

Levelling. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF 
LE  YELLING,  Showing  its  Application  to  purposes  of  Railway  and  Civil  Engineer- 
ing in  the  Construction  of  Roads  ;  with  Mr.  Telford's  Rules  for  the  same.  By 
Frederick  W.  Simms,  F.G.S.,  M.  Inst.  C.E.  Seventh  Edition,  with  the  addition  of 
Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and  Trautwine's  Field 
Practice  of  La3ring-out  Circular  Curves.  With  7  Plates  and  numerous  Woodcuts, 
8vo,  &r.  6^.  cloth.  *«*  Trautwine  on  Curves  may  be  had  separate,  $/. 

**  Thb  text-book  on  levelling  in  most  of  our  engineering  schools  and  colleges.*' — Engineer. 
'*  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms's  useful  woTk.'*^£ngineering. 

Tunnelling. 

PRACTICAL  TUNNELLING.  Explaining  in  detail  the  Setting-out  ot 
the  works.  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and  Levelling 
under  Ground,  Sub-Excavating,  Timbering,  and  the  Construction  of  the  Brickwork 
of  Tunnels,  with  the  amount  of  Labour  remiired  for,  and  the  Cost  of,  the  various 
portions  of  the  work.  By  Frederick  W.  Simms,  F.G.S.,  M.  Inst.  C.E.  Third 
Edition,  Revised  and  Extended  by  D.  Kinnear  Clark,  M.Inst. C.E.  Imp.  8vo, 
with  21  Folding  Plates  and  numerous  Wood  Engravings,  301.  cloth. 

"The  estimation  in  which  Mr.  Simms's  book  on  tunnelling  has  been  held  for  over  thirty  yean  cannot 
be  more  truly  expressed  than  in  the  words  of  the  late  Professor  Ranktne : — 'The  best  source  of  informa- 
tion on  the  subject  of  tunnels  is  Mr.  F.  W.  Simms's  work  on  Practical  Tunnelling.' " — Architect, 

"  It  has  been  legarded  from  the  first  as  a  text  book  of  the  subject  .  .  .  Mr.  Clark  has  added 
1  mmensely  to  the  value  of  the  book. " — Eneimef- 

**  The  additional  chaptei's  by  Mr.  Clark,  containing  as  they  do  numerous  examples  of  modern 
practice,  bring  the  book  well  up  to  dale." — Erjtneertn^. 
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HBat,  Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John  Keily, 
C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Departments.  Crown 
8to,  3j.  6^.,  cloth.  [7i«/  published. 

Summary  of  Contents. 


Secrion      I.— Formulas  and  Data. 

Seciian    II. — Mbtal  Bars. 

Section  in. — SiMPLB  Frambs. 

Section   IV.—Complbx  Frambs  and  Platbs. 

Section     V.— Thbrmal  CONOUCTIvitv. 


Section    VI.— Mbchanical  Forcb  of  Hbat. 
Section  Vil.  —Work  or  Expansion  and  Con- 
traction. 
Section  VIII.—StrsPBNSioN  Bridgbs. 
Secdoa     IX. — Masonry  Structurss. 


"The  Rim  the  author  has  set  before  him,  vix.,  to  show  the  effects  of  heat  upon  metallic  and  other 
Atructures,  u  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  engweer  or  architect  can 
find  but  little  reliable  and  comprehensive  data  in  books.* — Butldtr, 

**  Whoever  is  concerned  to  know  the  effect  of  chances  of  temperature  on  such  structures  as  suspen- 
cion  bridges  and  the  like  could  not  do  better  than  consult  Mr.  Keilv*s  valuable  and  handy  exposition  of 
the  geometrical  principles  involved  in  tnese  changes.    Tna  book  is  lucidly  written  throughouL"— 
Scotsman. 

Practical  Mathematics. 

MA  THEM  A  TICS  FOR  PR  A  CTICAL  MEN:  Being  a  Common-place 

Book  of  Pure  and  Mixed  Mathematics.     Designed  chiefly  for  the  Use  of  Civil 

Engineers,  Architects  and  Surveyors.   ByOLiNTHUS  Gregory,  LL.D.,  F.R.A.S., 

Enlarged  by  Henry  Law,  C.E.     Fourth  Ed.,  carefully  revised  by  J.  R.  Young, 

formerly  Professor  of  Mathematics,  Belfast  College.  With  13  Plates,  8vo,;f  i  u,  cloth. 

**  The  engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  mathematical 
difficulty  that  may  arise  in  his  practice.  The  rules  are  in  ail  cases  explaineu  by  means  of  examples,  in 
which  every  step  of  the  process  is  deariy  worked  oul" — BuiUer, 

**  One  of  the  most  serviceable  books  for  practical  mechanics.  .  .  .  It  is  an  instructive  book  for  the 
•tudent,  and  a  Text-book  for  him  who,  having  once  mastered  the  subjects  it  treats  of,  needs  occasionally 
to  refresh  his  memory  upon  fh.txsC'—Builditig  AVwf. 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS,  and  FORMULA  for 
Finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pipes,  and  Rivers. 
With  New  Formulae,  Tables,  and  General  Information  on  Rain-fall,  Catchment- 
Basins,  Drainage,  Sewerage,  Water  Supply  for  Towns  and  Mill  Power.  By  John 
Neville,  CivU  Engineer,  M.R.I.A.  Third  Edition,  carefully  revised,  with  con- 
siderable Additions.     Numerous  Illustrations.     Crown  8vo,  141.  cloth. 

'*  Alike  valuable  to  students  and  engineers  in  practice  %  its  study  will  prevent  the  annoyance  of 
nvoid^le  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any  given 
work  connected  with  hydraulic  engineering." — MiHtng  JoumaL 

"It  is,  of  all  English  books  on  the  subject,  the  one  nearest  to  completeness  ....  From  the 
good  arrangement  of  the  matter,  the  dear  explanations  and  abundance  of  formulm,  the  carefully 
caloilated  tables,  and,  above  all,  the  thorough  acquaintance  with  boih  theory  and  construction,  which  is 
displayed  from  first  to  last,  the  book  will  be  found  to  be  an  acquisition."— u^rrAiV^v/. 

Riuer  Engineering. 

RIVER  BARS:  The  Causes  of  their  Formatiotiy  and  their  Treatment  by 
^^  Induced  Tidal  Scour ;"  with  a  Description  of  the  Successful  Reduction  by  this 
Method  of  the  Bar  at  Dublin.  By  I.  J.  Mann,  Assist  Eng.  to  the  Dublin  Port 
and  Docks  Board.    Royal  8vo,  ^s,  6d.  cloth. 

'*  We  recommend  all  interested  in  harbour  works— and,  indeed,  those  concerned  In  the  Improvsments 
of  rivers  generally — to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river  bars."— ir«lf-M«rr. 

"  The  author  s  discussion  on  wave-action,  currents  and  scour  is  intelligent  and  interesting.  .  .  A  most 
valuable  contribution  to  the  history  of  this  bimnch  of  engineering.*' — En^tuertHg  and  Mining  y^utnal. 

Hydraulics. 

HYDRA  ULIC  MANUAL,  Consisting  of  Working  Tables  and  Explana- 
tory  Text.  Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field  Operations. 
By  Lowis  D'A,  Jackson,  Author  of  "Aid  to  Survey  Practice,"  '* Modem 
Metrology,"  &c.  Fourth  Edition.  Rewritten  and  Enlarged.  Large  crown  8vo, 
i6j.  cloth. 

"  The  author  has  had  a  wide  experience  in  hy>drau1ic  engineering,  both  in  South  America  and  in  India, 
«LDd  has  been  a  careful  observer  of  the  facts  which  have  come  under  his  notice,  as  well  as  a  painstakuie 
collector  and  critic  of  the  results  of  the  experiments  of  others,  and  from  the  great  mass  of  maierial  at  hi» 
eommand  he  has  constructed  a  manual  which  may  be  accepted  as  a  trustworthy  guide  to  thiai  branch  of 
che  engineer's  profession.  We  can  heartily  recommend  this  volume  to  all  who  desire  to  be  acquainted 
^rith  the  latest  development  of  this  important  subject." — Enginttrin/^. 

**  The  standard  work  in  this  department  of  mechanics.  The  present  edition  has  been  brought  abreast 
of  tbe  most  recent  ^ncixce." Scotsman, 

**  The  most  ufeful  feature  of  this  work  is  its  freedom  from  what  i^  «up*r<nnu.ited,  and  its  ihoroufi^h 
adoption  of  recent  eKpenmenti ;  the  text  is  in  f.tct  in  ^reat  pan  a  short  .iccuuiit  of  the  grcMt  modern 
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Drainage. 

ON  THE  DRAINAGE  OF  LANDS,  TOWNS  AND  BUILDINGS, 
By  G.  D.  Dempsby,  C.  E.,  Author  of  "The  Practical  Railway  Engineer,"  &c. 
Revised,  with  large  Additions  on  Recent  Practice  in  Drainage  Engineering, 
by  D.  KiNNEAR  Clark,  M.Inst.  C.E.,  Author  of  "Tramways:  their  Construc- 
tion and  Working,"  **  A  Manual  of  Rules,  Tables,  and  Data  for  Mechanical 
Engineers,''  &c.  &c.     Crown  8vo,  ^s.  6r/.  cloth.  [Just  published, 

"The  new  matter  added  to  Mr.  Dempsey's  excellent  work  is  characterised  by  the  comprehensiTe 
grasp  and  accuracy  of  detail  for  which  tne  name  of  Mr.  D.  K.  Clark  is  a  sufficient  voucher."— 
Atktfuenm, 

"  As  a  work  on  recent  practice  in  drainage  engineering,  the  book  is  to  be  commended  to  all  who  are 
making  that  branch  of  engineering  science  their  special  study." — Iron, 

**  A  comprehensive  manual  on  drainage  engineering,  and  a  useful  introduction  to  the  student."— 
BMiUim£  Nnvt, 

Tramways  and  their  Working, 

TRAMWAYS:  Their  CONSTRUCTION  and  WORKING.  Embracing 
a  Comprehensive  History  of  the  System  ;  with  an  exhaustive  Analysis  of  the  Various 
Modes  of  Traction,  including  Horse  Power,  Steam,  Heated  Water,  and  Compressed 
Air  ;  a  Description  of  the  Varieties  of  Rolling  Stock ;  and  ample  Details  of  Cost 
and  Working  Expenses  ;  the  Progress  recently  made  in  Tramway  Construction,  &c, 
&c.  By  D.  KiNNEAR  Clark,  M.Inst.  C.E.  With  over  200  Wood  Engravings, 
and  13  Folding  Plates.     Two  Vols.     Large  crown  8vo,  30;.  cloth. 

*'  All  interested  in  tramways  must  refer  to  it,  as  all  railway  engineers  have  turned  to  the  author's 
work  *  Railway  Machinery.*  ** — Engineer. 

"An  exhaustive  and  practical  work  on  tramways,  in  which  the  history  of  this  kind  of  locomotion,  and 
a  description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found.'* — Buildintr Nnos. 

"The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances, are  so 
fairly  indicated  in  the  work  under  review  that  any  engineer  about  to  construct  a  tramway  will  be  enabled 
at  once  to  obtain  the  practical  information  which  will  he  of  most  service  to  him.** — Atkenentm, 

Oblique  Arches, 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OF 
OBLIQUE  ARCHES,  By  John  Hart.  Third  Edition,  with  Plates.  Imperial 
8vo,  &r.  cloth. 

Curves,  Tables  for  SeWng-out 

TABLES  OF  TANGENTIAL  ANGLES  AND  MULTIPLES  FOR 

SETTING-OUT  CURVES  front  5  /<;  200  Radius.    By  Alexander  Beazeley, 

M. Inst. C.E.     Third  Edition.      Printed   on  48  Cards,  and  sold  in  a  cloth  box, 

waistcoat-pocket  size,  31.  6^/. 

*'  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands  free 
to  manipulate  the  instrument — no  small  advantage  as  regards  the  rapidity  of  work.*' — Engineer, 

"  Very  handy ;  a  man  may  know  that  all  his  day's  work  must  fall  on  two  of  these  cards,  whidi  he  puts 
into  his  own  card-case,  and  leaves  the  rest  behind." — Athenmutn. 

Engineering  Fieldwork. 

THE  PRACTICE  OF  ENGINEERING  FIELDWORK,  Applied  to 
Land  and  Hydraulic^  Hydrographies  and  Submarine  Surveying  and  Levelling, 
Second  Edition,  Revised,  with  considerable  Additions,  and  a  Supplement  on  Water- 
works, Sewers,  Sewage,  and  Irrigation.  By  W.  Davis  Haskoll,  CE.  Numerous 
Folding  Plates.     In  One  Volume,  demy  8vo,  £1  $s,  cloth. 

Tunnel  Shafts, 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS.  A  Practi- 
cal and  Theoretical  Essay.  By  J.  H.  Watson  Buck,  M.  Inst.  C.E.,  Resident 
Engineer,  London  and  North- Western  Railway.  Illustrated  with  Folding  Plates, 
royal  8vo,  I2J-.  cloth. 

Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason,  and  the  observations  on 
the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates,  will  be  found  of 
considerable  use.    We  commend  the  book  to  the  engineering  profession." — Building  Netos. 

**  Will  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  calculated  to  save  much  time  and 
obviate  many  mistakes." — Colliery  GuardioH. 

Girders,  Strength  of 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTATION 
OF  THE  HEIGHTS  OF  WROUGHT  IRON  AND  STEEL  GIRDERSy  ^c, 
for  Parliamentary  and  other  Estimates.  By  J.  H.  Watson  Buck,  M.  In.st.  C.E. 
On  a  Sheet,  2s,  6d. 
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Tmssea. 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of  Science 
in  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings,  and  Details 
ef  Construction,  With  Complete  Working  Drawings.  By  William  Griffiths, 
Surveyor,  Assistant  Master,  Tranmere  School  of  Science  and  Art  Oblong  8vo, 
4r.  (id,  cloth. 

"This  handy  lUtle  book  enters  so  minutely  into  every  detail  connected  wilh  the  coostruction  of  roof 
tmsses*  that  no  student  need  be  ignoiaat  of  these  matters  for  want  of  an  easy  source  to  come  at  the 
knowledge.*'~/'ni^/a:a/  Engineer, 

"From  the  manner  of  treating  the  subiect,  Mr.  Griffiths*  book  is  clear  enough  to  enable  a  student 
to  be  his  own  teacher.    It  will  be  useful  in  tne  science  school  and  in  workshops. "—^rvik//»c/. 

Jtailway  Working. 

SAFE  RAILWAY  WORKING,  A  TreaHse  on  Railway  Accidents  : 
Their  Cause  and  Prevention ;  with  a  Description  of  Modern  Appliances  and  Systems, 
By  Clement  £.  Strbtton,  C.  £.,  Vice- President  and  Consulting  Engineer,  Amalga- 
mated Society  of  Railway  Servants.  With  Illustrations  and  Colour^  Plates,  crown 
8vo,  4f .  td,  strongly  bound. 

Outline  of  Contents. 

Chapter     I.~ Summary  op  Accidbnts,  1885. 
Chapter    II.— Pbrmanbnt  Way. 
Chapter  III.— Signalling  :  Block  Systbm. 
Chapter  IV.— Continuous  Brakbs. 
Chapter    V.— Bkbaking  op  Railway  Axlbs. 
Chapter  VI.— Railway  Couplings. 


Chapter  VII.— Railway   Sbrvants   and    ths 

Law  op  Manslaughtbk. 
Appendix     I.— Railway  Tkappic  Rbtukns. 
Appendix  II.— Railway  Signal  Rbturns. 
Appendix  1 1 1. — Continuous  Brakbs  Rbturns. 
Appendix  IV.— MiXBO  Trains. 


•»•  Opinions  of  the  Press. 

"  A  book  for  the  engineer,  the  direct<MY,  the  managers ;  and,  in  short,  all  who  wish  for  information 
•B  railway  nutters  will  find  a  perfect  eacyciopHsdia  in  '  Safe  Railway  Working.*  "—Rmilway  Review, 

'*  Mr.  Qement  £.  Stretum,  the  energetic  Vice-President  of  the  Amalgamated  Society  of  Railway 
Serrants.  ma^  be  ooagratulated  on  having  collected,  in  a  very  convenient  form,  much  valuable  informa- 
tion on  the  principal  questions  affecting  the  safe  working  of  railways."— y?M'/iiM(/  Enfinter. 

**  We  commend  tfte  remarks  on  railway  signalling  to  all  railMray  managers,  especially  where  a  aaiform 
code  and  practice  is  advocated."— /^tfrv/a'^*'  R*Hway  yeurmtL 

field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR' S.and  CONTRACTOR'S 
field-book.  Consisting  of  a  Series  of  Tables,  with  Rules,  Explanations  of 
Systems,  and  use  of  TheodoHte  for  Traverse  Surveying  and  Plotting  the  Work  with 
minute  accuracy  by  means  of  Straight  Edge  and  Set  Square  only  ;  Levelling  with 
the  Theodolite,  Casting-out  and  Reducing  Levels  to  Datum,  and  Plotting  Sections 
in  the  ordinary  manner ;  Setting-out  Curves  with  the  Theodolite  by  Tangential 
Angles  and  Multiples  with  Right  and  Left-hand  Readings  of  the  Instrument ;  Setting- 
out  Curves  without  Tlieodolite  on  the  S]rstem  of  Tangential  Angles  by  Sets  of  Tan- 
gents and  Offsets ;  and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6 
inches  in  depth.  By  W.  Davis  Haskoll,  C.£.  With  numerous  Woodcuts. 
Fourth  Edition,  Enlarged.    Crown  8vo,  izr.  doth. 

**The  book  is  very  handy ;  the  separate  tables  of  sines  and  tanrents  to  every  minute  will  make  it 
useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same." — Aihenmum, 

*'  Every  person  engaged  in  engineering^  field  operations  will  estimate  the  importence  of  such  a  work 
4md  the  amount  kiX  valuaole  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables  prepared 
with  the  aocuraey  and  fulness  of  those  given  in  this  volume." — Reulmay  AVsw. 


Earthwork,  Measurement  of 

A  MANUAL  ON  EARTHWORK,     By  ALEX.  J.  S.  GRAHAM,  C.E. 

With  numerous  Diagrams.    iSmo,  2s,  6d,  cloth. 

"  A  great  amount  of  practical  information  very  admirably  arranged,  and  available  for  roogh  estimates, 
AS  well  as  for  the  more  exact  calculations  required  in  the  engineer's  and  contractor's  oficos.^' — ArHsam, 

Strains  In  Ironwork. 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK/  with  Prac- 
tical Remarks  ou  Iron  Construction.     By  F.  W.  Shbilds,  M.  Inst.  C.E.    Second 
Edition,  with  5  Plates.     Royal  8vo,  Ss,  cloth. 
"The  student  cannot  find  a  better  little  book  on  this  subject.'*— ^j^rbMrr. 

Cast  iron  and  other  Metals,  Strength  of 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST  IRON 
AND  OTHER  METALS,    By  Thomas  Trbdgold,  C.E.     Fifth  Edition,  ia- 
Hoogkinson's  Experimental  Researches.    8vo,  I2f.  doth. 
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AROHITECTURE,  BUILDINa,  etc. 
Construction, 

THE  SCIENCE  OF  BUILDING:  An  Elementary  Treatise  on  the 
Principles  of  Construction,  By  E.  Wyndham  Tarn,  M.A.,  Architect.  Second 
Edition,  Revised,  with  58  Engravings.     Crown  8vo,  ^s»  6d,  cloth. 

"A  very  valuable  book,  which  we  strongly  recommend  to  all  students.** — Buiider. 
"No  architectural  student  should  be  without  this  hand-book  of  constructional  knowledge."" 
Arekittct, 

Villa  Architecture. 

A  HANDY  BOOK  OF  VILLA  ARCHITECTURE :  Being  a  Scries 
of  Designs  for  Villa  Residences  in  various  Styles.  With  Outline  Specifications  and 
Estimates.  By  C.  WiCKHS,  Architect,  Author  of  "  The  Spires  and  Towers  of 
England,"  &c.    61  Plates,  4to,  £1   i  is,  6d,  half-morocco,  gilt  edges. 

"The  whole  of  the  designs  bear  evidence  of  their  being  the  work  of  an  artistic  architect,  and  they 
will  prove  very  valuable  and  suggestive.** — Bui4diti£  News. 

Text' Book  for  Architects. 

THE  ARCHITECT'S  GUIDE:  Being  a  Text-book  of  Useful  Infor- 
mation for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of  Works,  &c.r 
&C.  By  Frederick  Rogers,  Architect,  Author  of  '*  Specifications  for  Practical 
Architecture,"  &c  Second  Edition,  Revised  and  Enlarged.  With  numerous  Illus- 
trations.    Crown  8vo,  6s,  cloth. 

"  As  a  text-book  of  useful  infonnation  for  architects,  engineers,  surveyors,  &c.,  it  would  be  hard  to 
find  a  handier  or  more  complete  little  volume." — Standard. 

A  young  architect  could  hardly  have  a  better  guide*book."—- TVxit^r  Trades  ymtmal. 


tt 


Taylor  and  Cresy's  Rome. 

THE  ARCHITECTURAL  ANTIQUITIES  OF  ROME.  By  the  late 
G.  L.  Taylor,  Esq.,  F.R.I.B.A.,  and  Edward  Cresy,  Esq.  New  Edition^ 
thoroughly  revised  by  the  Rev.  Alexander  Taylor,  M.  A.  (son  of  the  late  G.  L. 
Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chaplain  of  Gray's  Inn. 
Large  folio,  with  130  Plates,  half-bound,  ^3  3^. 

N.B, — This  is  the  only  book  which  gives  on  a  large  scale^  and  vnth  the  precision 
of  architectural  measurement^  the  principal  Monuments  if  Ancient  Rome  in  plan,  eleva- 
tion, and  detail. 

^  '*  Taylor  and  Cresy's  work  has  from  its  first  publication  been  ranked  among  those  professional  books 
which  cannot  be  bettered.  .  ...  It  would  be  difficult  to  find  examples  of  drawings,  even  among  those- 
of  the  most  pain&taking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the  one  hundrol  and 
thirty  plates  in  this  volume."— i4n-A//«r/. 

Architectural  Drawing, 

PRACTICAL  RULES  ON  DRAWING,  for  the  Operative  Builder 
and  Young  StudetU  in  Architecture,  By  George  Pyne.  With  14  Plates,  4to^ 
7^.  6d,  boards. 

Cioil  Architecture. 

THE  DECORATIVE  PART  OF  CIVIL  ARCHITECTURE,  By 
Sir  William  Chambers,  F.R.S.  With  Illustrations,  Notes,  and  an  Examination 
of  Grecian  Architecture,  by  Joseph  Gwilt,  F.S.A.  Edited  by  W.  H.  Leeds. 
66  Plates,  4to,  2IJ.  cloth. 

House  Building  and  Repairing. 

THE  HOUSE'OWNER'S  ESTIMATOR;  or,  What  will  it  Cost  to 
Build,  Alter,  or  Repair?  A  Price  Book  adapted  to  the  Use  of  Unprofessional 
People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By  the  late  James 
D.  Simon,  A.R.I.B.  A.  Edited  and  Revised  by  Francis  T.  W.  Miller,  A.R.I.B.A. 
With  numerous  Illustrations.     Third  Edition,  Revised.    Crown  8vo,  51.  dd,  cloth. 

"  In  two  years  it  will  repay  its  cost  a  hundred  times  oytT*^—Fieid. 
••A  very  handy  book" — English  Mechanic, 
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Designing,  Measuring,  and  Vaiuing. 

THE  STUDENT'S  GUIDE  to  the  PRACTICE  of  MEASURING  and 
VALUING  ARTIFICERS*  WORKS,  Containing  Directions  for  UkingDimea- 
sions,  Abstracting  the  same,  and  bringing  the  Quantities  into  Bill,  with  Tables  of 
Constants,  and  copious  Memoranda  for  the  Valuation  of  Labour  and  Materials  in 
the  respective  Trades  of  Bricklayer  and  Slater,  Carpenter  and  Joiner,  Painter  and 
Glazier,  Paperhanger,  &c.  With  8  Plates  and  63  Woodcuts.  Originally  edited  by 
Edward  Dobson,  Architect.  Fifth  Edition,  Revised,  with  considerable  Additions 
on  Mensuration  and  Construction,  and  a  New  Chapter  on  Dilapidations,  Repairs, 
and  Contracts,  by  £.  Wyndham  Tarn,  M.A.    Crown  8vo,  91-.  cloth. 

"  Well^  fulfils  the  promise  of  its  title>paf  e,  and  we  can  thoroughly  recommend  it  to  the  dan  for 
whose  use  it  has  been  compiled.  Mr.  Tam^  additions  and  revisions  have  much  increased  the  useful* 
aess  of  the  work,  and  have  especially  augmented  its  vahae  to  students." — ^nginttring, 

"The  work  has  been  carefully  revised  and  edited  by  Mr.  E.  Wyndham  Tarn,  M.A.,  and  compnses 
•ereral  Taluable  additions  on  construction,  mensuration,  dilapidations  and  repairs,  and  other  matters. 
.  .  .  This  edition  will  be  found  the  most  complete  treatise  on  the  principles  of  measuring  and  valuing 
artificers'  work  that  has  yet  been  published."— ^iMV^'Mfr  Nrou, 

Pooliet  Estimator  and  Teohnioal  Guide. 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER,  AND  ESTI- 
MATOR FOR  BUILDERS  AND    SURVEYORS.      Containing    Technical 

Directions  for  Measuring  Work  in  all  the  Building  Trades,  with  a  Treatise  on  the 
Measurement  of  Timber  and  Complete  Specifications  for  Houses,  Roads,  and  Drains, 
and  an  Easy  Method  of  Estimating  the  various  parts  of  a  Building  collectively.  By 
A.  C.  Beaton,  Author  of  "  Quantities  and  Measurements,"  &c  Fourth  Editiop. 
Carefully  Revised  and  Priced  according  to  the  Present  Value  of  Materials  and  Labour, 
with  53  Woodcuts,  leather,  waistcoat-pocket  size,  is.  6ii.  gilt  edges. 

*'  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his  '  Beaton's  Guldt^'-^BMiUmg 

Ngw$. 

**  Contains  an  extraordinary  amount  of  information  in  daily  requisition  in  measuring  t&d  estimating. 
Its  presence  in  the  pocket  will  save  valuable  time  and  trouble.*' — SuiUUtif  World, 

**  An  exceedingly  handy  pocket  companion,  thoroughly  reliable.** — BuiUet^s  Weekly  Reporter. 

"  This  neat  Uttie  compendium  contains  all  that  is  requisite  in  carrying  out  contracts  for  excavating, 
tiling,  bricklaying,  paving,  ike**— ■British  TradM  youmtU, 

Donaldson  on  Specifications. 

THE  HANDBOOK  OF  SPECIFIC  A  TIONS;  or,  Practical  Guide  to 
the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up  Specifications  and 
Contracts  for  Works  and  Constructions.  Illustrated  by  Precedents  of  Buildings 
actually  executed  by  eminent  Architects  and  Engineers.  By  Professor  T.  L. 
Donaldson,  P. R. I.E. A.,  &c.  New  Edition,  in  one  large  voL,  8vo,  with  upwards 
of  1,000  pages  of  Text,  and  33  Plates,  £1  lis,  6J,  cloth. 

*'  In  this  work  forty-four  specifications  of  executed  works  are  given,  including  the  specifications  for 
parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  Royal  Exchange,  by  Mr. 
Tite,  M.P.  The  latter,  in  particular,  ii  a  very  complete  and  remarkable  document.  It  embodie^  to 
a  great  extent,  as  Mr.  Donaldson  mentions, '  the  bill  of  quantities,  with  the  descnption  of  the  works.' 
.  .  .  It  is  valuable  as  a  record,  and  more  valuable  stiU  as  a  book  of  precedents.  .  .  .  Suffice  it 
to  say  that  Donaldson's  *  Handbook  of  Spectficatioos'  must  be  bought  by  all  architecu."~.0M«i;i/rr. 

Bartiiolomew  and  Rogers*  Specifications. 

SPECIFICATIONS  FOR  PRACTICAL  ARCHITECTURE.  A 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.  With  an  Essay  on  the 
Structure  and  Science  of  M<xlem  Buildings.  Upon  the  Basis  of  the  Work  by  Alfred 
Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly  added  to  by  Frederick 
Rogers,  Architect.  Second  Edition,  Revised,  with  Additions.  With  numerous 
Illustrations,  medium  8vo,  15J.  cloth. 

"  The  collection  of  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew's  work  is  too 
well  known  to  need  any  lecommendation  from  us.  It  is  one  of  the  books  with  which  every  young  archi- 
tect must  be  equipped ;  for  time  has  shown  that  the  specifications  cannot  be  set  aside  through  any 
delect  in  xlntm.'^—Arthitect, 

**Good  forms  i^  tpeofications  are  of  conride-able  value,  and  it  was  an  excellent  idea  to  compile  a 
work  on  the  subject  upon  ihe  basis  of  the  late  Alfred  bartholomew's  valuable  work.  The  second  edition 
of  Mr.  Rogers's  book  >s  evidence  of  the  want  of  a  book  dealing  with  modem  requirement*  and  xuk" 
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Geometry  for  the  Arohiteot,  Engineer,  &o, 

PRACTICAL  GEOMETRYJor  the  ArckiUct,  Engineer,  and  Mechanic. 
Giving  Rules  for  the  Delineation  and  Application  of  various  Geometrical  Lines, 
Figures,  and  Curves.  By  E.  W.  Tarn,  M.  A.,  Architect,  Author  of  "  The  Sciepce 
of  Building,"  &c.  Second  Edition.  With  Appendices  on  Diagrams  of  Strains 
and  Isometrical  Projection.     With  172  Illustrations,  demy  8vo,  9J.  cloth. 

'*  No  book  with  the  same  objects  in  riew  has  erer  been  published  in  which  the  clearness  of  the  rales 
laid  down  and  the  illustrative  diagrams  have  been  so  satisfactory." — Scotsman, 

^  "  This  is  a  manual  for  the  practical  man,  whether  architect,  engineer,  or  mechanic.  .  .  •  The 
object  of  the  author  being  to  avoid  all  abstruse  formulae  or  complicated  methods,  and  to  enable  penons 
with  but  a  moderate  knowledge  of  geometry  to  work  out  the  problems  required.*' — Engiitk  Mtefmmic, 


The  Science  of  Qeometry. 

THE  GEOMETRY  OF  COMPASSES;  or,  Problems  Resolved  by  the 
mere  Description  of  Circles,  and  the  use  of  Coloured  Diagrams  and  Symbols.  By 
Oliver  Byrne.     Coloured  Plates.     Crown  8vo,  3/.  6d.  cloth. 

"  The  treatise  is  a  good  one,  and  remarkable— like  all  Mr.  Byrne's  contributions  to  the  science  of 
geometry— for  the  lucid  character  of  itt  xsacYang."— Building  News. 


DECORATIVE  ARTS,  etc. 


Woods  and  Marbles,  Imitation  of 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  MARBLES,  as  taught  and  practised  by  A.  R.  Van  der  Burg  and  P. 
Van  der  Burg,  Directors  of  the  Rotterdam  Painting  Institution.  Royal  folio, 
i8i  by  I2i  in.,  Illustrated  with  24  full-size  Coloured  Plates;  also  12  plain 
Plates,  comprising  154  Figures.     Second  and  cheaper  Edition.     Price ;£'i  lis.  6d. 

List  of  Plates. 


X.  Various  Tools  recjutred  for  Wood  Painting— 
9,  3-  Walnut ;  PrelimlnaryStages  of  Graining  and 
Finished  Specimen — 4.  Tools  used  for  Marble 
Painting  and  Method  of  Manipulation — 5,  6.  St. 
Remi  Marble :  Earlier  Operations  and  Finished 
Sjpecimen  —  7.  Methods  of  Sketching  difierent 
Grains,  Knots,  &c.— 8, 9.  Ash :  Preliminary  Stages 
and  FinLshed  Specimen— xo.  Methods  of  Sketching 
Marble  Grains — xx.  xs.  Br^he  Marble;  Prelimin- 
ary Stages  of  Working  and  Finished  Specimen — 
13.  Maple;  Methods  of  Producing  the  different 
Grains — x4,  x^.^  Bird's-eye  Maple;  Preliminary 
Stages  and  Fmished  Specimen — x6.  Methods  of 
Sketching  the  different  species  of  White  Marble 
X7,  x8.  White  Marble;  Preliminary  Suges  of  Pro- 


cess and  Finished  Specimen  —  19.  Mahogany ; 
Specimens  of  various  Grains  and  Methods  of 
Manipulation — so,  sx.  Mahogany ;  Earlier  Stages 
and  Finished  Si>eciTnen — 22, 33,  94.  Sienna  Marble; 
Varieties  of  Grain,  Preliminary  Stages  and  Finished 
Specimen— 95,  96,  27.  Juniper  Wood ;  Methods  of 
producing  Grain,  &c. — Preliminary  Stages  and 
rinished  Specimen  —  aS,  29,  30.  Vert  de  Mer 
Marble ;  Varieties  of  Grain  and  Methods  of  Work- 
ing, Unfinished  and  Finished  Specimens— 3X1  33» 
8.  Oak ;  Varieties  of  Grain,  Tools  empbyed  and 
ethods  of  Manipulation,  Prelimixiary  Stages  and 
Finished  Specimen— 34, 3$,  36.  Waulsort  Marble : 
Varieties  of  Grain,  Unfinished  and  Finished 
Specimens. 


0   0 
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Opinions  of  the  Press. 

"  Those  who  denre  to  attain  skill  in  the  art  of  painting  woods  and  marbles  will  find  advantage  ia 
consulting  this  book.^  .  .  .  S(Mne  of  the  Working  Men's  Qubs  should  give  their  young  men  the 
opportunity  to  study  it." — Builds. 

"  A  comprehensive  guide  to  the  art.  The  explanations  of  the  processes,  the  manipulation  and  manaM- 
ment  of  the  colours,  and  the  beautifully  executed  plates  will  not  be  the  least  valuable  to  the  student  woo 
aims  at  making  his  work  a  faithful  transcript  of  nature." — BmUingr  News, 

*'  Students  and  norices  are  fortunate  who  are  able  to  become  the  possessors  of  m  it^iMr  m  w^nl.'*— 

Artkitect. 

House  Decoration. 

ELEMENTARY  DECORATION:  A  Guide  to  the  Simpler  Forms  of 
Everyday  Art,  as  applied  to  the  Interior  and  Exterior  Decoration  of  Dwelling 
Houses,  &c.     By  James  W.  Facey,  Jun.    With  68  Cuts.     i2mo,  2x.  cloth  limp. 
'As  a  technical  guide-book  to  the  decorative  painter  it  will  be  found  rdiaUe."— ^laVUi^ JVinKr. 

PRACTICAL  HOUSE  DECORATION:  A  Guide  to  the  Art  of  Orna- 
mental Painting,  the  Arrangement  of  Colours  in  Apartments,  and  the  principles  of 
Decorative  Design.  With  some  Remarks  upon  the  Nature  and  Properties  of  Pig- 
ments. By  James  William  Facey,  Author  of  "  Elementary  Decoration,"  &c. 
With  numerous  Illustrations.     i2mo,  2s.  6d.  cloth  limp. 

li,B.—The  ahve  Tm  Works  together  in  One  Vb/,,  strong!/  haJ/Sonnd,  ^s. 
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Colour. 

A  GRAMMAR  OF  COLOURING,   Applied  to  Decorative  Painting  and 
the  Alts.    By  Gborgb  Field.    New  Edition,  Revised,  Enlarged,  and  adapted 
to  the  use  of  the  Ornamental  Painter  and  Designer,  by  Ellis  A.  Davidson.    With 
New  Coloured  Diagrams  and  Engravings.     i2mo,  y,  6d,  cloth  boards. 
"  The  book  is  a  most  useful  rtiumi  of  the  properties  of  pixments."— ^mi^/rr. 

House-Painting,  Graining,  etc. 

HOUSE.PAINTING,  GRAINING,MARBLING,b*SIGN  WRITING, 
A  Practical  Manual  of.  By  Ellis  A.  Davidson.  Fourth  Edition.  With  Coloured 
Plates  and  Wood  Engravings.     lamo,  6j.  cloth  boards. 

'*  A  mass  of  information,  of  use  to  the  amateur  and  of  value  to  the  practical  man.*'— f  flv-ZtrA  Mtckamc, 
*'  Simply  invaluable  to  the  youngster  entering  upon  this  particiuar  calling,  and  higUy  serviceable  to 
the  man  who  is  practising  it"-*^«nwV«rv  Gtutttt, 

Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT^  A  Modern  Guide  to  Decora- 
tive Artists  and  Amateurs,  Painters,  Writers,  Gilders,  &c.     Containing  upwards  of 
600  Receipts,  Rules  and  Instructions ;  with  a  variety  of  Information  for  General 
Work  connected  with  every  Qass  of  Interior  and  Exterior  Decorations,  &c., 
15a  pp.,  crown  8vo,  is.  in  wrapper. 

1  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  ^"^•■"s  the  gist  of  burger 
tnalues  on  colour  and  technical  processes."— ^MitfMir  AVttv. 

*  It  would  be  diflUcult  to  meet  wUh  a  work  so  tull  of  varied  information  on  the  painter's  art.*' 

'*  We  recommend  the  work  to  all  who,  whether  for  pleasure  ex  profit,  require  a  guide  to  decoration.*' 
^Plumbtr  amd  Decorator. 

Moyr  Smit/i  on  interior  Decoration. 

ORNAMENTAL  INTERIORS,  ANCIENT  AND  MODERN. 
By  J.  MoYR  Smith.  Super-roy.  8vo,  with  Thirty-Two  Full-Page  Plates  and 
numerous  smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  i8x. 

ITusf  ^UsJUd. 

^^  In  "Ornamxntal  Interiors  "  thedengns  of  more  than  thirty  artist-decaraiors 

and  architects  of  high  standing  heme  been  illustrated.     The  hook  may  there  fore  fairly  claim 

to  give  a  good  general  view  of  the  works  of  the  modem  school  of  decoration,  besides  giving 

eharacteristic  examples  of  earlier  decoratwe  arrangements. 

"  Ornamental  Interiors  "  gives  a  short  account  of  the  styles  of  Interior  Decoration 
at  practised  by  the  Ancients  in  Egypt,  Greece,  Assyria^  Rome,  and  Byzantium .  This  part 
is  illustrated  by  characteristic  designs.  The  main  body  of  the  work,  however,  is  devoted 
to  the  illustration  of  the  modem  styles  of  Decorative  Art,  and  many  examples  are  given 
of  decorative  designs  suitable  for  modem  Dining^Rooms,  Drawing- Rooms,^  Libraries, 
Stetircases  and  Halls,  Parlours,  Studies,  and  Smoking- Rooms.  The  Decoration  of  Public 
Buildings  is  illustrated  by  views  of  the  chief  Stctte  Apartments  in  Buckingham  Palace  and 
Windsor  Castle,  the  ScUle  de  Leys  at  Antwerp,  the  Salle  des  Mariages  at  Brussels,  and  0/ 
other  works  which  have  distinctive  features  suitable  for  the  purpose, 

♦^*  Opinions  op  the  Press. 

**  The  book  is  well  illustrated  and  handsometv  got  up.  and  contains  some  true  criticism  and  a  good 
many  good  examples  of  decorative  treatment."— rA«  Baa'lder. 

''We  can  grouly  commend  Mr.  Moyr  Smith's  book,  for  it  is  the  |>rodnction  ol  one  professedly 
capable  in  decorative  work,  and  abounds  with  useful  hints  and  descriptions  of  executed  modem  work, 
together  with  a  well-put  resumS  of  ancient  styles.  ...  As  much  a  book  for  the  drawmg-room  as  for 
the  nannufacturn'."— 3n4#  Brituh  Architect. 

**  Well  fitted  for  the  dilettante,  amateur,  and  professional  designer."— Z>«rtfmA>«*. 
"  This  is  the  most  elaborate  and  beautifiil  work  00  the  artistic  decoration  of  interiors  that  we  have 
Men.     .    .    .    The  scrolls,  panels,  and  other  designs  from  the  author's  own  pen  are  very  beautiftil  and 
cbaate ;  but  he  takes  care  that  the  designs  of  other  men  shall  figure  even  more  than  his  own."— ZiWr* 
P09t  A&ioM. 

"To  all  who  take  an  interest  in  elaborate  domestic  ornament  this  handsome  volume  will  be 
wekome.**— {Pra/AAr. 

'*  Mr.  Moyr  Smith  deserves  the  thanks  of  art  workers  for  having  placed  within  their  readi  a  book 
dint  teems  eminently  adapted  to  afford,  by  example  and  precept,  that  guidance  of  which  most  craftsmen 
ttnnd  in  need."— ^wmi/Mfv  duette. 

Brft/afi  and  Foreign  Marbles. 

MARBLE  DECORA  TION  and  the  Terminology  of  British  and  Foreign 
Marbles.  A  Handbook  for  Students.  By  George  H.  Blagrovb.  Author  of 
«*  Shoring  and  iU  Application,"  &c.   With  28  Illustrations.     Cr.  8vo,  y.  6d,  cloth. 

lyust  published. 
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DELAMOnE'8  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 

A  PRIMER  OF  THE  ART  OF  ILLUMINA  TION,  for  the  Use  oj 
Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  for  its 
exercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and  Colours. 
By  F.  Delamotte.  New  and  Cheaper  Edition.    Small  4to,  6s.  ornamental  boards. 

"The  examples  of  ancient  MSS.  recommended  to  the  student,  which,  with  much  good  sense,  tb« 
author  chooses  from  collections  accessible  to  all,  are  selected  with  judgment  and  knowledge,  as  veil  as 
taste.  "-^A  iJkemeum, 

ORNAMENTAL  ALPHABETS,  Ancient  and  Medtaval,  from  the  Eighth 
Century,  with  Nutnerals  ;  including  Gothic,  Church-Text,  large  and  small,  Geiman, 
Italian,  Arabesque,  Initials  for  Illumination,  Monograms,  Crosses,  &c.  &c,  for  the 
use  of  Architectural  and  Engineering  Draughtsmen,  Missal  Painters,  Masons, 
Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c.  &c.  Collected  and 
Engraved  by  F.  Delamotte,  and  print»l  in  Colours.  New  and  Cheaper  Edition. 
Royal  8vo,  oblong,  zs,  td.  ornamental  boards. 

*'  For  those  who  insert  enamelled  sentences  round  gilded  chalices,  who  blazon  shop  legends  over  8!mi>> 
doors,  who  letter  church  walls  with  pithy  sentences  from  the  Deodogue,  this  book  wul  be  useful*'— 
Atheiutnm^ 

EXAMPLES  OF  MODERN  ALPHABETS,  Plain  and  Ornamental, 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew,  Court 
Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ;  with  several 
Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English  Alphabets,  laige 
and  small,  and  Numerals,  for  Uie  use  of  Draughtsmen,  Surve]rors,  Masons,  Decora* 
tive  Painters,  Lithoeraphers,  Engravers,  Carvers,  &c.  Collected  and  Engraved  by 
F.  Delamotte,  and  printed  in  Colours.  New  and  Cheaper  Edition.  Royal  8vo, 
oblong,  2s.  6d.  ornamental  boards. 

*'  There  is  comprised  in  it  every  possible  shape  into  which  the  letters  of  the  alphabet  and  numerals  an 
be  formed,  and  the  talent  which  has  been  expended  in  the  conception  of  the  various  plain  and  omamsntal 
letters  is  wonderfal."— tS/amAsnf. 

MEDIEVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 
NATORS, By  F.  G.  Delamotte.  Containing  21  Plates  and  Illuminated  Title, 
printed  in  Gold  and  Colours.  With  an  Introduction  by  J.  Willis  Brooks. 
Fourth  and  Cheaper  Edition.     Small  4to,  4^.  ornamental  boards. 

'*  A  volume  in  which  the  letters  of  the  alphabet  come  forth  glorified  in  gilding  and  all  the  cokmn  of 
the  prism  interwoven  and  interturined  and  intermingled." — Smh, 

THE  EMBROIDERER'S  BOOK  OF  DESIGN.  Containing  Initials, 
Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical  Devices, 
Mediaeval  and  Modem  Alphabets,  and  National  Emblems.  Collected  by  F.  Dela- 
motte, and  printed  in  Colours.    Oblong  royal  8vo,  is.  6d.  ornamental  wrapper. 

'*The  book  will  be  of  great  assistance  to  ladies  and  young  children  who  are  endowed  with  the  art  of 
plying  the  needle  in  this  most  ornameatal  and  useful  pretty  work.'*— ^or/  Anglian  Times, 


Wood  Carving. 

INSTRUCTIONS  IN  WOOD^CARVING,  fof  Amateurs;  with  Hints 
on  Design.    By  A  Lady.    With  Ten  large  Plates,  2J.  6</.  in  emblematic  wrapper. 

"The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  impart  it,  may  be  learnt  from  'A  Lady's' 
publication.'*—^  tkttueum, 

'*  The  directions  given  are  plain  and  easily  understood."— ^n/fi'M  Mechanic. 

Olass  Painting. 

GLASS  STAINING  AND  THE  ART  OF  PAINTING  ON  GLASS. 
From  the  German  of  Dr.  Gbssert  and  Emanuel  Otto  Frombeeg.  With  an 
Appendix  on  The  Art  of  Enamelling.     i2mo,  2s.  6d.  cloth  limp. 

Letter  Painting, 

THE  ART  OF  LETTER  PAINTING  MADE  EASY.     By  Jamks 

Greig  Badenoch.    With  12  full-page  Engravings  of  Examples,  is.  doth  limp. 

"  The  system  is  a  simple  one,  bat  quite  original,  and  well  worth  the  careful  atteatioa  of  letter 
painters.    It  can  be  easily  mastered  and  remembered."— i?Mi7<ft*M|^  ^^rwf. 
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Tndgold'8  Carpentry,  Revised  and  Enlarged  by  Tarn. 

THE  ELEMENTAR  Y  PRINCIPLES  OF  CARPENTRY :  A  Treatise 
on  the  Pressure  and  Equilibrium  of  Timber  Framing,  the  Resistance  of  Timber, 
and  the  Construction  of  Floors,  Arches,  Bridges,  Roofs,  Uniting  Iron  and  Stone 
with  Timber,  &c.  To  which  is  added  an  Essay  on  the  Nature  and  Properties  of 
Timber,  &c.,  with  Descriptions  of  the  kinds  of  Wood  used  in  BuUdmg;  also 
numerous  Tables  of  the  Scantlings  of  Timber  for  different  purposes,  the  Specific 
Gravities  of  Materials,  &c.  By  Thomas  Trxdgold,  C.E.  With  an  Appendix 
of  Specimens  of  Various  R00&  of  Iron  and  Stone,  Illustrated.  Seventh  Edition, 
thoroughly  revised  and  considerably  enlarged  by  E.  Wyndham  Tarn,  M.A., 
Author  01  <*  The  Science  of  Building,"  &c.  With  61  Plates,  Portrait  of  the  Author, 
and  several  Woodcuts.    In  one  large  vol.,  4to,  price  25^.  cloth. 

"  Ought  to  be  in  every  architect's  and  every  bonder's  library.*' — BuiUUr, 

"A  work  whose  monumental  excellence  must  commend  it  wherever  skilful  carpentry  is  concerned. 

The  author's  principles  are  rather  confirmed  than  impaired  by  time.    The  additional  plates  are  of  great 

intrinsic  ynXyx^^—BuiUittg  Ntws. 

Woodworking  Machinery. 

WOOD  WORKING  MA  CHINER  Y:  lis  Rise,  Progress  and  Construction. 
With  Hints  on  the  Management  of  Saw  Mills  and  the  Economical  Conversion  of 
Timber.  Illustrated  with  Examples  of  Recent  Designs  by  leading  English,  French, 
and  American  Engineers.  By  M.  Powis  Bale,  A.M. Inst. C.E.,  M.I. M.E.  Large 
crown  8vo,  12s.  6S,  doth. 

"Mr.  Bale  is  evidently  an  expert  on  the  subject,  and  he  has  collected  so  much  information  that  hit 
book  is  all-sufficient  for  builden  and  others  engaged  in  the  conversion  of  timber." — Archittci, 

**  The  most  com|>rehensive  compendium  of  wood-working  machinery  we  have  seen.  The  author  is  a 
thoroufl^  master  of  his  subject." — Building  News. 

**  The  appearance  of  this  book  at  the  present  time  will,  we  should  think,  give  a  considerable  impe- 
tus to  the  onward  march  of  the  machinist  engaged  in  the  designing  and  manu&cture  of  wood-working 
It  diould  be  in  the  office  of  every  wood-working  factory." — English  Mechanic, 


Saw  Milis. 

SA  W  MILLS :  Their  Arrangement  and  Ma$tagement,  and  the  Economical 
Conversion  of  Timber,  (A  Companion  Volume  to  *' Woodworking  Machinery.") 
By  M.  Powis  Balb.   With  numerous  Illustiations.    Crown  8vo,  los.  6d.  doth. 

**The  admimstratian  of  a  large  sawing  estaUishment  is  discussed,  and  the  subject  examined  from  a 
finandal  standpoint  Hence  the  sise,  shape,  order,  and  disposition  of  saw-mills  and  the  like  are  gone  into 
In  detail,  and  the  course  of  the  timber  is  traced  from  its  reception  to  iu  delivery  in  its  converted  state. 
We  could  not  desire  a  more  complete  or  practical  treatise.*' — Builder, 

"We  highly  recommend  Mr.  Bale's  work  to  the  attention  and  perusal  of  all  those  who  are  en|psged  in 
the  art  of  wood  conversion,  or  who  are  about  building  or  remodelling  taw-nulls  on  improved  prinaples."— 
BuibUMgNew, 

Carpentering. 

THE  CARPENTER'S  NEW  GUIDE;  or,  Book  of  Lines  for  Carpen- 
ters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring  a  knowledge 
of  Carpentry.  Founded  on  the  late  Peter  Nicholson's  standard  work.  A  New 
Edition,  revised  by  Arthur  Ashpitel,  F.S.A.  Together  with  Practical  Rules 
on  Drawing,  by  George  Pynb,    With  74  Plates,  4to,  £1  is,  cloth. 

Handraiiing. 

A  PRACTICAL  TREATISE  ON  HANDRAILING:  Showing  New 

and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing  the  Moulds, 

Bevelling,    Jointing-up,    and    Squaring   the  Wreath.    By   George  Collings. 

Illustrated  with  Plates  and  Diagrams.     i2mo,  u.  6</.  cloth  limp. 

"  Win  be  found  ofjpcactical  utility  in  the  execution  of  this  difficult  branch  of  joinery.'*— ^jmJU^. 
"  AhnoeC  every  diflwult  phase  oi  this  somewhat  intricate  branch  of  joinery  is  elucidated  by  the  aid 
of  plates  and  explanatory  letterpress.**— ^ffmu/»rv  GautU, 

Cirouiar  Worlf. 

CIRCULAR    WORK    IN    CARPENTRY   AND    JOINERY:    A 

Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.    By  George 

Collings,  Author  of  "  A  Practical  Treatise  on  Handraiiing."    Illustrated  with 

numerous  Diagrams.     lamo,  2s,  6d,  cloth  limp.  \Just published. 

**  An  excellent  exasiple  of  what  a  book  of  this  kind  shoaki  be.    Cheap  la  price,  dear  in  definition 
and  piaotical  in  the  exaaiplct  selected.*'~^aitf^tfr. 
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ingement  leave  nothing  to  be  desired." — Timbtr  Trades  JounuU. 

''An  exceedingly  weU-amnged,  clear,  and  concise  manual  of  tables  for  the  use  of  all  who  buy  or  sdl 
ber." — younuU  of  Fortstry, 


Timber  Merchant's  Companion. 

THE  TIMBER  MERCHANT'S  AND  BUILDER'S  COMPANION. 
Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and  Measurement  of 
Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand  Pieces,  and  the  relative 
Price  that  each  size  bears  per  Lineal  Foot  to  any  given  Price  per  Petersbnrgh  Stan- 
dard Hundred  ;  the  Price  per  Cube  Foot  of  Square  Timber  to  any  given  Price  per 
Load  of  50  Feet ;  the  proportionate  Value  of  Deals  and  Battens  by  die  Standard,  to 
Square  Timber  by  the  Load  of  50  Feet ;  the  readiest  mode  of  ascertaining  the  Price 
of  Scantling  per  Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  &c.  &c. 
By  William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.  8vo,  31.  doth. 

"  Everything  is  as  concise  and  clear  as  it  can  possibly  be  made.  There  can  be  no  doubt  that  every 
timber  merchant  and  builder  ought  to  possess  it,**— Hull  Advertiser, 

"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and  sixnplidty  ol 
arrangement  leave  nothing  to  be  desired." — Timbtr  Trades  younutl. 

"An  exceedingly  weU-arraa 
timber." — Joumeu  of  Fortstry, 

Praotioal  Timber  Meroiiant 

THE  PRACTICAL  TIMBER  MERCHANT;  Being  a  Guide  for  the  use 

of  Building  Contractors,  Surveyors,  Builders,  &c.,  comprising  useful  Tables  for  all 

purposes  connected  with  the  Timber  Trade,  Marks  of  Wood,  Essay  on  the  Strength 

of  Timber,  Remarks  on  the  Growth  of  Timber,  &c.    By  W.  Richardson.    Fcap. 

8vo,  31.  6d.  cloth. 

"  This  handy  manual  contains  much  valuable  inliwmation  for  the  use  of  timber  merchants,  builders, 
westers,  and  all  others  connected  with  the'growtfa,  sale,  and  manufacture  of  yass^otx^^-^JoMmdlofFifrestty* 

Timber  Freigfit  Boolt. 

THE  TIMBER  MERCHANT'S,  SAW  MILLER'S,  AND  IM- 
PORTER'S FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William  Richardson, 
Timber  Broker  ;  together  with  a  Chapter  on  Speeds  of  Saw  Mill  Machinery, 
by  M.  Powis  Bale,  M.I.M.E.,  &c.     i2mo,  y.  6d,  cloth  boards. 

"  A  very  useful  manual  of  rules,  tables,  and  memoranda,  relating  to  the  timber  trade*  We  recom* 
mend  it  as  a  compendium  of  calculatitm  to  all  timber  measurers  and  merchants,  and  as  supplying  a  real 
want  in  the  txaAt,*'-BMildin£  News. 

PaolilngCaae  Mahers,  Tables  for. 

PACKING-CASE  TABLES;  showing  the  number  of  Superficial  Feet 
in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards.    By  W.  RICHARD* 
SON,  Timber  Broker.    Second  Edition.    Oblong  4to,  y.  6d,  cloth. 
*'  Invaluable  Ubour-saving  tables."— /fv«M«0M^yr.  *'  Will  save  much  labour  and  calculation."— <7r«rrr. 

Superfioiai  Measurement 

THE  TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEASURE- 
MENT,  Tables  calculated  from  i  to  200  inches  in  length,  by  i  to  108  inches  in 
breadth.  For  the  use  of  Architects,  Surveyors,  Engineers, Timber  Merchants,  Boildeis, 
&C.    By  James  Hawkings.     Third  Edition.     Foolscap,  31.  dd,  doth. 

"A  useful  collection  of  tables  to  fiidlitate  rapid  calculation  of  surfaces.  The  ejcact  area  of  any 
surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.  The  book  will  be  foond 
of  the  greatest  utility  to  all  engaged  in  building  operations."— ^cvtovMi*. 

*'  These  Ubles  will  be  found  of  great  assistance  to  all  who  require  to  make  calailations  in  sapoficial 
measurement."— ^iV^&A  MeckamCn 

Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  Information 
concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or  Profit,  with 
suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B.  Hough.  Large 
crown  8vo,  lor.  cloth. 

Timber  importer's  Quids. 

THE  TIMBER  IMPORTER 'S,  TIMBER  MERCHANT'S,  AND 
BUILDER'S  STANDARD  GUIDE,  By  Richard  E.  Grandy.  Compris- 
ing:— An  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Nett  Landed  Cost  on  Baltic  and 
North  American  Deals,  including  all  intermediate  Expenses,  Freight,  Insurance, 
&C.  &c  ;  together  with  copious  Information  for  the  Retailer  and  Builder.  Second 
Edition,  carefully  revised  and  corrected.     i2mo,  3^.  6^.  doth  boards. 

"  ETenrthin^  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and  throws 
in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cistems,  9iQ**-^English  Meckatuc. 
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NAVAL    ARCHITEOTUBEi  NAViaATION,  eto. 
Chain  Cables. 

CHAIN  CABLES  AND  CHAINS.    Comprising  Sizes  and  Curves  ot 

Links,  Studs,  &c.,  Iron  for  Cables  and  Chains,  Chain  Cable  and  Chain  Making, 

Forming  and  Welding  Links,  Strength  of  Cables  and  Chains,  Certificates  for 

Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains,  Historical  Notes, 

Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing,  List  of  Manufacturers  of 

Cables,  &c.,  &c     By  Thomas  W.  Txaill,   F.E.R.N.,  M.Inst.C.E.,  Engineer- 

Surveyor-in-Chief,  Board  of  Trade,  Inspector  of  Chain  Cable  and  Anchor  Proving 

Establishments,  and    General    Superintendent,   Lloyd's   Committee    on    Proving 

Establishmenu.    With  numerous  Tables,  Illnstrations,  and  Lithographic  Drawings. 

Folio,  ^2  2s.  cloth,  bevelled  boards. 

'*  The  author  writes  not  only  with  a  full  acquainUnce  with  scientific  f<MrmulaB  and  details,  but  also 
with  a  profouad  and  fully-instructed  sense  of  the  importance  to  the  safety  of  our  ships  and  sailors  of 
fidelity  m  the  manufacture  of  cables.  We  heartily  recoipmend  the  book  to  the  spedalists  to  whoa  it  is 
addressed."— ^/AMurwM. 

**  The  business  of  chain  cable  making  is  well  explained  and  illustrated.  We  can  safely  recommend 
this  work  to  all  in  any  way  connected  with  the  manufacture  of  chaia  cables  and  chainsi  as  a  good  book*"— > 
Naiurt* 

**  It  contains  a  vast  amount  of  valuable  information.  Nodiing  seems  to  be  wanting  to  make  it  a  oom* 
plete  and  standard  work  of  reference  on  the  »ihjtct,**^NiauHcai MagaMine. 

Pooket'Book  for  Naoal  Arohiteota  and  Shipbuilders. 

THE  NA  VAL  ARCHITECT'S  AND  SHIPBUILDER'S  POCKET* 
BOOK  of  Formula,  Rules,  and  Tables,  and  MARINE  ENGINEER 'S  AND 
SURVEYOR'S  Handy  Book  of  Reference,  By  Clement  Mackrow,  Member  of 
the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Third  Edition,  Revised. 
With  numerous  Diagrams,  &c.     Fcap.,  12s,  6d,,  strongly  bound  in  leather. 

"Should  be  used  by  all  who  are  engaged  in  the  construction  or  design  of  vessels.  .  .  .  Will  be 
found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully  collected  from 
the  best  authorities,  and  put  together  in  a  popular  and  simple  iorak,*'-~Ett^metr, 

*  *  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  data  fior  iolvinf 
many  of  the  numerous  problems  that  present  themselves  in  the  course  of  hb  work."— /rvM. 

"  There  is  scarcely  a  subject  on  which  a  naval  architect  or  shipbuOder  can  require  to  refimh  his 
memory  which  will  not  be  found  within  the  covers  of  Mr.  Mackrow's  hoo\L**^£f$£iuA  MeckatUe. 

Pocket-Book  for  Marine  Engineers. 

A  pocket-book  OF  USEFUL  TABLES  AND  FORMULAE  FOR 

MARINE  ENGINEERS,     By  Frank  Proctor,  A.I.N.A.    Third  Edition. 

Royal  32mo,  leather,  gilt  edges,  with  strap,  4^. 

"  We  recommend  it  to  our  readers  as  j^oing  far  to  supply  a  long-felt  want "— iVisvo/  Scwiee. 
'*  A  mott  useful  companion  to  all  manne  engineers. '^^MtV«tf  Service  Gitsetle, 

Lighthouses. 

EUROPEAN  LIGHTHOUSE  SYSTEMS  y  Being  a  Report  of  a  Tour 
of  Inspection  made  in  1873.  By  Major  George  H.  Elliot,  Corps  of  Engineers, 
U.S.A.     Illustrated  by  51  Engravings  and  31  Woodcuts.    8vo,  21s.  cloth. 

\*  The  following  are  published  in  V/KAhi^s  RUDIMENTARY  Series. 

MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS.  By 
Robert  Kipping,  N.A.    Fifteenth  Edition.     lamo,  2j.  6d,  doth  boards. 

SAILS  AND  SAIL-MAKING.  Eleventh  Edition,  Enlarged,  with  an  Appen- 
dix.   By  Robert  Kipping,  N.A.    Illustrated.     i2mo,  3j.  doth  boards. 

NA  VAL  ARCHITECTURE.  By  James  Peake.  Fifth  Edition,  with 
Plates  and  Diagrams.     i2mo.  4^.  doth  boards. 

MAJilNE  ENGINES  AND  STEAM  VESSELS  (A  Treatise  on).  By 
Robert  Murray,  C.E.,  Principal  Officer  to  the  Board  of  Trade  for  the  East 
Coast  of  Scotland  District  Eighth  Edition,  thoroughly  Revised,  with  considerable 
Additions  by  the  Author  and  by  George  Carlisle,  C.E.,  Senior  Surveyor  to  the 
Board  of  Trade  at  Liverpool.     i2mo,  55.  doth  boards. 

PRACTICAL  NAVIGATION.  Consisting  of  the  Sailor's  Sea-Book,  by 
Tames  Greenwood  and  W  H.  Rosser;  together  with  the  reouisite  Mathe- 
matical and  Nautical  Tabl^sVor  the  Working  of  the  Problems,  by  Henry  Law, 
C.E.,  and  Professor  J.  R.  YquNG-    lUustratcd.    lamo,  7*.,  strongly  half-bound. 
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MININa  AND  MIMINa  INDUSTBIBB. 

Metalliferous  mining. 

BRITISH  MINING :  A  Treatise  on  the  History,  Discovery,  Practical 
Deoelopment^  attd  Future  Prospects  of  Metalliferous  Mines  in  the  Untied  Kingdom, 
By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records  ;  Editor  of  '*Ure's  Dic- 
tionary of  Arts,  Manufactures,  and  Mines,"  &c.  Upwards  of  950  pp.,  with  330 
Illustrations.     Second  Edition,  Revised.     Super-royal  8vo,  £2  2s,  dotn. 

\yust  pudlisked. 
•»•  Opinions  of  the  Press. 

*'  Ona  of  the  moat  valaaUe  works  of  reference  of  modem  times.  Mr.  Hunt,  as  Keeper  of  Mining 
Records  of  the  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  bjr  anyone  else,  and 
has  evidenUy  made  the  most  of  them.  .  .  .  The  btnguage  and  style  adopted  are  good,  and  the  tseat- 
ment  of  the  various  sulyects  laborious,  conscientious,  and  scientific'  —Jfiii!f7iv«mr^. 

*'  Probably  no  one  in  this  country  was  better  qualified  than  Mr.  Hunt  for  undertaking  such  a  woriu 
Brou^t  into  fireouent  and  dose  association  during  a  long  Iife>time  with  the  principal  guardians  of  our 
mineral  and  metaliuigical  industries^  he  enjoyed  a  poution  exceptionally  favourable  for  collecting  the 
necessary  information.^  The  use  which  he  has  made  of  his  opportunities  is  sufficiently  attested  by  the 
dense  mass  of  information  crowded  into  the  handsome  volume  which  has  just  been  published.  .  .  . 
In  pladns  bdbre  the  reader  a  sketch  of  the  present  pontion  of  British  Mimng,  Mr.  Hunt  treats  his  snb* 
)ect  so  fiuT  and  illustrates  it  so  amply  that  this  secuon  really  forms  a  little  treatise  on  practical  mining* 
.  .  .  Tne  book  is,  in  &ct,  a  treasure-house  of  statistical  information  on  mining  subjects,  and  we  knoir 
of  no  other  work  embodying  so  great  a  mass  of  matter  of  this  kind.  Were  this  the  only  merit  of  Mr. 
Hunt's  volume  it  would  be  sufficient  to  render  it  indispensable  in  ^e  library  of  everyone  interested  in  the 
development  of  the  mining  and  metallurgicsd  industries  of  this  oountry." — AtArtutum. 

"  A  mass  of  information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may  be  in- 
terested in  our  great  mineral  industries." — Enfituer. 

"  A  sound,  business-like  collection  of  interestimr  fiu:ts The  amount  of  informatioa  Mr. 

Hunt  has  brought  together  is  enormous.  .  .  .  The  volume  appears  likely  to  convey  more  instruction 
upon  the  subject  than  any  work  hitherto  published." — Afitung'  youmal, 

**  The  work  will  be  for  the  mining  industry  what  Dr.  Percy's  celebrated  treatise  has  been  for  die 
metallurgical— a  book  that  cannot  with  advantage  be  omitted  from  the  library."— /nm  tutd  Coal  Trades 
K§vUw. 

"The  volume  is  massive  and  exhaustive,  and  die  high  intellectual  powers  and  patient  pezsiiteot 
application  which  characterise  the  author  have  evidently  been  brought  into  play  in  its  prodoctioa.  Its 
contents  are  invaluable."— Ctf//f>rr  Guardian, 

"  The  literature  of  mining  has  hitherto  possessed  no  work  approaching  in  impoftance  to  that  which 
has  Just  been  publiiJied.  There  is  much  in  Mr.  Hunt's  valuable  work  that  every  shareholder  in  a  mine 
should  read  wiUi  close  attention.  The  entire  subject  of  practical  minings— from  the  first  search  for  the  k)de 
to  the  latest  stages  of  dressbg  the  ore— is  dealt  with  in  a  masterly  manner."— ^co^Inwy. 

Coal  and  Iron. 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM.  Comprising  a  Description  of  the  Coal  Fields,  and  of  the  Principal 
Seams  of  Coal,  with  Returns  of  their  Produce  and  its  Distribution,  and  Analyses  of 
Special  Varieties.  Also,  an  Account  of  the  occurrence  of  Iron  Ores  in  Veins  or 
Seams  ;  Analyses  of  each  Variety  ;  and  a  Hbtory  of  the  Rise  and  Progress  of  Pig 
Iron  Manufacture  since  the  year  1740,  exhibiting  the  Economies  introduced  in  the 
Blast  Furnaces  for  its  Production  and  Improvement.  By  Richard  Meade,  Assist- 
ant Keeper  of  Mining  Records.  With  Maps  of  the  Coal  Fields  and  Ironstone 
Deposits  of  the  United  Kingdom.    8vo,  £1  os.  cloth. 

"  The  book  is  one  which  must  find  a  palace  on  the  shelves  of  all  interested  in  ooal  and  Iron  productioa 
and  in  the  iron,  steel,  and  other  metallurgical  industries." — Engituer, 

*'  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  evermet.  •  .  • 
A  book  of  reference  which  no  one  engaged  m  the  iron  or  coal  trades  should  omit  from  his  libnry."— /rv« 
and  Coal  Trades*  Rtvirto. 

"An  exhaustive  treatise  and  a  valuaUe  work  of  reference."— ilftiuVi!^  youmoL 

Proapeoting  for  Gold  and  other  Metals. 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Prospector 
and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals.     By  J.  W. 
Anderson,  M.A«  (Camb.),  F.R.G.S.,  Author  of  "Fiji  and  New  Caledonia* 
Third  Edition,  Revised,  with*  Additions.     Small  crown  8vo,  y,  6d.  doth. 

\Just  published. 

"  Will  supply  a  much  felt  want,  especially  among  Colonists,  in  whose  way  are  so  often  thrown  many 
mineralogical  specimens  the  value  of  which  it  is  difficult  for  an^rone,  not  a  specialist,  to  determine.  The 
author  has  placed  his  instructions  before  his  readers  in  the  plainest  possible  terms,  and  his  book  b  the 
best  of  its  \a3ad,*'^EMgineer. 

**  How  to  find  commercial  minerals,  *nd  how  to  identify  them  when  they  aref  ound,  are  the  \^^Ai.^ 
points  to  which  attention  is  directed.  The  author  has  numaged  to  pack  as  much  practical  detail  into  k» 
pages  as  would  supply  material  for  a  book  three  times  its  size." — AfM»f  yotamal. 

''Those  toilers  who  explore  the  trodden  or  untrodden  trades  on  the  Cue  of  the  globe  will  find  much 
that  is  useful  to  them  in  this  bock."—Aihttueum, 
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Mining  Notes  and  Formulas. 

NOTES  AND  FORMULA  FOR  MINING  STUDENTS.  By  John 
Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  Professor  of  Mining  in 
the  Durham  College  of  Science,  Newcastle-upon-Tyne.  Second  Edition,  carefmly 
Revised.    Small  crown  8vo,  cloth,  price  2J.  6</.  \Just  pMbiishii. 

iSr'  This  book  consists  of  a  collection  of  notes  and  formula  drawn  from  various 
sources^  the  authority  being  quoted  in  most  instances.  It  is  hoped  that  the  work  will  be 
useful^  not  only  to  students  out  to  the  profession. 

The  principcd  sources  of  information  upon  mining  matters  are  the  Transaetions  oj 
the  various  Engineering  Societies  to  which  the  studfftt,  in  most  of  out  large  townSt  has 
access,  A  great  many  references  to  the  most  familiar  of  them  are  given,  so  thai  the 
student  who  wishes  to  follow  up  a  subject  may  be  in  a  position  to  acquaint  himself  with 
details  which  could  not  be  included  in  a  work  like  this. 

The  examples  of  the  use  of  the  formula,  at  the  end  of  the  book,  are  merely  given  to 
assist  students  wording  without  a  teacher, 

'*  Invaluable  to  anyone  who  is  working  up  for  an  examination  on  mining  subjects."— ^a</mmI  Iron 
Trades  Review, 

**  The  author  has  done  his  work  in  an  exceedingly  creditable  manner,  and  has  produced  a  book 
that  will  be  of  service  to  students,  and  those  who  ave  practicaUy  engaged  in  mining  operations,"— 


"  A  vast  amount  of  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  connderable 
intarest  to  students."— i'rAM/jMu/'^r. 

Minoral  Surveying  and  Vaiuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 
GUIDE,  comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valuation 
of  Mining  Properties,  with  New  Traverse  Tables,  By  Wm.  Lintbrn,  Mining  and 
Civil  Engineer.  Second  Edition,  with  an  Appendix  on  "Magnetic  and  Angular 
Surveying,"  with  Records  of  the  Peculiarities  of  Needle  Disturbances.  With  Four 
Plates  of  Diagrams,  Plans,  &c.     i2mo,  4J.  cloth.  \yust  published,, 

"An  enormous  fund  of  information  of  great  value.'*— AfiVtiiv  foumeU, 

"  Mr.  limem's  book  forms  a  valuable  and  thoroughly  trastworthy  guide.*'— /fw«  and  Coal  Trader 

"  This  new  edition  must  be  of  the  highest  value  to  colliery  survtyon^  proprietors  and  managers.'* 
ColHerv  Guardiam, 

Metailiferoua  Minerais  and  Mining. 

TREA  TISE  ON  METALLIFEROUS  MINERALS  AND  MINING, 
By  D.  C.  Davies,  F.G.S.,  Mining  Engineer,  &c.,  Author  of  *'  A  Treatise  on  Slate 
and  Slate  Quairying."  Illustrated  with  numerous  Wood  Engravings.  Fourth 
Edition,  carefully  revised.    Crown  8vo,  12s,  6d,  doth. 

"  Neither  the  practical  miner  nor  the  general  reader,  interested  in  mines,  can  have  a  better  book  for 
his  companion  and  his  guide.** — Mining^  Jcumal. 

"The  volume  is  one  which  no  student  of  mineralogy  should  be  without."— C^/ZiVryr  Guardian, 
**  We  are  doing  our  readers  a  service  in  calling  their  attention  to  this  valuaUe  work." — Mining  Wddd, 

**  A  book  that  will  not  only  be  useful  to  the  geologist,  the  practical  miner,  and  the  metallurgist }  but 
also  very  interesting  to  the  general  public.*' — lr»n. 

"  As  a  history  of  the  present  state  of  mining  throughout  the  world  this  book  has  a  real  value,  and  it 
supplies  an  actual  vrant,  for  no  such  information  has  hitherto  been  brought  together  within  such  limited 
space." — A  fheMOnm, 

Earthy  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  AND  OTHER  MINERALS,  AND 
MINING,  By  D.  C.  Davies,  F.G.S.  Uniform  with,  and  forming  a  Companion 
Volume  to,  the  same  Author^s  "  Metalliferous  Minerals  and  Mining."  With  76 
Wood  Engravings.    Second  Edition.     Crown  8vo,  12s.  6d,  cloth. 

*'  It  is  essentially  a  practical  work,  intended  primarily  for  the  use  of  practical  men.  .  .  :  We  do 
not  remember  to  have  met  with  any  English  work  on  mining  matters  thiU  contains  the  same  amount  of 
information  pocked  in  equally  convenient  (orm.'*^Acaden^. 

**  The  book  is  clearly  the  result  of  many  years*  careful  work  and  thouchti  and  we  should  be  inclined 
to  rank  it  as  among  the  very  best  of  the  handy  technical  and  trades  manuals,  which  have  recently 
wipgaaxtA,^~-British  Qnarterfy  Xetnew, 

"The  volume  contains  a  great  mass  of  practical  infiomation,  carefuUy  methodised  and  presented  in 
a  very  intelligible  shape."— kS'^c^/nmM. 

**  The  subject  matter  of  the  volnm^  trfll  he  found  of  hi^h  ^^^  hy  all— and  thsiy  are  a  numerous 
d»m    who  trade  in  earthy  mtnerals.*'^^  fhonentm. 


24  CROSBY  LOCKWOOD  <Sr-  SON'S  CATALOGUE. 

^      '  *    '     '        ^^^^^^^^M^^^^^*— ^— ^^»^—  ■^■111      II  ■  »»■         ■■■■  ^— ^—  ■■■■■■■■  ■  I  ■— ^■^■^^^^^^■^^^^ 

Underground  Pumping  Machinery. 

MINE  DRAINAGE ;  Being  a  Complete  and  Practical  Treatise  on  Direct- 
Acting  Undergronnd  Steam  Pumping  Madiinery,  with  a  Description  of  a  large 
number  of  the  best  known  Engines,  their  General  Utility  and  the  Special  Sphere  of 
their  Action,  the  Mode  of  their  Application,  and  their  merits  compared  with  other 
forms  of  Pumping  Machinery.     By  Stephen  Michell.    8vo,  151.  cloth. 

"  Will  be  highly  esteemed  by  a>Uiery  owners  and  lessees,  mining  engineers,  and  students  genendly 
who  require  to  be  acquainted  wiui  the  best  means  of  securing  the  drainage  of  mines.  It  is  a  most  valu- 
able work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery." — CoUury  GitardioH, 

**  Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  an  extensive  ciroi* 
lation  amongst  practical  men  and  purchasers  of  machinery.*'— ^/mVf;^  JourtuU, 

Mining  Tools. 

A  MANUAL  OF  MINING  TOOLS,  For  the  Use  of  Mine  Managers, 
Agents,  Students,  &c.  By  William  Morgans,  Lecturer  on  Practical  Mining  at 
the  Bristol  School  of  Mines.     i2mo,  3^.  doth  boards^ 

ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above,  containing  235 

Illustrations  of  Mining  Tools,  drawn  to  scale.    4to,  41.  6d.  cloth. 

"Students  in  the  science  of  mining,  and  overmen,  captains,  managers,  and  viewers  may  gain 
practical  knowledge  and  useAil  hints  by  the  study  of  Mr.  Morgans'  manual?* — Colliery  GnanUam, 

**  A  valuable  work,  which  will  tend  materially  to  improve  our  mining  literature."— JIfsxMSf  yemmal 

Coal  Mining. 

COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on.     By  Sir 

Warington  W.  Smyth,  M.A.,  F.R.S.,  &c..  Chief  Inspector  of  the  Mines  of  the 

Crown.     New  Edition,  Revised  and  Corrected.    With  numerous  Illustrations,  i2mo^ 

4r.  cloth  boards. 

"  As  an  outline  is  given  of  every  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  mindpal 
methods  of  working,  the  book  will  doubtless  interest  a  very  large  number  of  reaiaers.*' — Mudtig  Jommal^ 

Subterraneous  Surveying. 

SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical  Treatise 
en :  with  and  without  the  Magnetic  Needle.  By  Thomas  Fenwick,  Surveyor  of 
Mines,  and  Thomas  Baker,  C.E.    Illustrated.     i2mo,  3^.  doth  boards. 
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Text-Book  of  Electricity. 

THE  STUDENT'S  TEXT-BOOK  OF  ELECTRICITY.    By  Henry 
M.  NOAD,  Ph.D.,  F.R.S.,  F.C.S.     New  Edition,  carefully  Revised.      With  an 
Introduction  and  Additional  Chapters,  by  W.  H.  Preece,  M.I.C.E.,  Vice-President 
of  the  Society  of  Tel^raph  Engineers,  &c.     With  470  Illustrations.    Crown  8vo, 
I2X.  6^.  cloth. 
*'  The  original  plan  of  this  book  has  been  carefully  adhered  to  so  as  to  make  it  a  reflex  of  the  existbg 
state  of  electncid  saence,  adapted  for  students.  .  .  .  Discovery  seems  to  have  progressed  with  manrelloiis 
strides ;  nevertheless  it  has  now  apparently  ceased,  and  practical  apjplications  nave  commenced  their 
career :  and  it  is  to  give  a  faithful  account  of  these  that  this  fresh  edition  of  Dr.  Noad's  valuable  text- 
book is  launched  lovSa^^ ^Extract  from  Iniroductum  by  W.  H,  Preece,  Esg. 

"We  can  recommend  Dr.  Noad*s  book  for  clear  style,  ^at  range  of  subject,  a  good  index,  and  a 
fdethora  of  woodcuts.    Such  collections  as  the  present  are  mdispensable." — Aihenaum. 

"An  admirable  text-book  for  every  student— beginner  or  advanced--of  dectricity.**— ^fffZM^^TM!^. 
*'Dr.  Noad*8  text-book  has  earned  for  itself  the  reputation  of  a  truly  scieotific  manual  for  the 
student  of  electricity,  and  we  gladly  hail  this  new  amended  edition,  which  brings  it  once  more  to  the 
front.  Mr.  Preece  as  reviser,  with  the  assistance  of  Mr.  H.  R.  Kempe  and  Mr.  J.  P.  Edwards^  has  added 
all  the  practical  results  of  recent  invention  and  research  to  the  admurable  theoretical  expositions  of  the 
author,  so  that  the  book  is  about  as  comf^ete  and  advanced  as  it  is  possible  for  any  boox  to  be,  within 
the  limits  of  a  text-book."— TVii/ra/A/c  yottmal. 

Electricity. 

A  MANUAL  OF  ELECTRICITY;  including  Galvanism,  Mc^tism, 

Dic^Magnetism,  EUctro-Dynamics^  Magn(h  Electricity y  and  the  Electric  Telegraph. 

By  Henry  M.  Noad,  Ph.D.,  F.R.S.,  F.C.S.  Fourth  Edition.  With  500 Woodcuts. 

8vo,  ;f  I  4r.  cloth. 

"The  accounts  given  of  electricity  and  galvanism  are  not  only  complete  in  a  scientific  sense,  but 
which  is  a  rarer  thing,  are  popular  and  interesting." — Lancet. 

"  It  is  worthy  ota  place  in  the  library  of  every  public  institution." — Mhdng  Jourfuil, 
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Electric  Light 

ELECTRIC  LIGHT:  lis  Production  and  Use,  Embodying  Plain  Directions 
for  the  Treatment  of  Voltaic  Batteries,  Electric  Lamps,  and  Djmamo-Electric  Ma- 
chines. By  J.  W.  Urquhart,  C.E.,  Author  of  **  Electroplating :  A  Practical 
Handbook."  Edited  by  F.  C.  Webb,  M.I.C.E.,  M.S.T.E.  Second  Edition, 
revised,  with  large  Additions  and  128  Illustrations.     7^.  6d,  cloth. 

"  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  %M\>]tct.**—Atketutttm. 

"  It  is  the  only  work  at  present  arailable,  which  gives  in  language  intelligible  for  the  most  part  to 
the  ordinary  reader,  a  general  but  concise  history  o?  the  means  which  have  been  adopted  up  to  the 
present  time  in  producing  the  electric  light" — MttroPoUtan. 

"The  book  conuins  a  general  account  of  the  means  adopted  in  producing  the  electric  light,  not 
only  as  obtained  from  voltaic  or  galvanic  batteries,  but  treats  at  length  of  the  dynamo*electric  machine  in 
several  of  its  forms." — ColUtty  Guardian, 

Electric  Lighting, 

THE  ELEMENTAR  Y  PRINCIPLES  OF  ELECTRIC-LIGHTING. 
By  Alam  a.  Campbell  Swinton,  Associate  S.T.E.  Crown  8vo,  is,  6d. 
cloth. 

"Anyone  who  desires  a  short  and  thoroughly  clear  exposition  of  the  elementary  principles  of 
electric-lighting  cannot  do  better  than  read  this  little  wotV..**— Bradford  Observer. 

Dr.  Lardner's  School  Handboohe. 

NATURAL   PHILOSOPHY  FOR    SCHOOLS,     By  Dr.  Lardner. 
328  Illustrations.     Sixth  Edition.    'One  Vol.,  y.  6d.  cloth. 
'*  A  very  convenient  class-book  for  junior  students  in  private  schools.    It  is  intended  to  convey,  in 
clear  and  precise  terms,  general  notions  of  all  the  principal  divisions  of  Physical  Science." — Britieh 
Quarterly  Review, 

ANIMAL  PHYSIOLOG  Y  FOR  SCHOOLS,    By  Dr.  Lardner.    With 
190  Illustrations.     Second  Edition.     One  Vol.,  y.  6d,  cioth. 
"  Clearly  written,  well  arranged,  and  excellently  illustrated." — Gardener*s  Chronicle, 

Dn  Lardner's  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH    By  Dr.  Lardner.      Revised  and 
Re-written  by  E.  B.  Bright,  F.R.  A.S.  140  Illustrations.  Small  8vo,  2s,  6d,  cloth. 
"  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph." — English  Mechanic, 

Storms. 

STORMS:    Their  Nature,  Classification,  and  Laws ;  with  the  Means  of 

Predicting  them  by  their  Embodiments,  the  Clouds.  By  William  Blasiu.s.    With 

Coloured  Plates  and  numerous  Wood  Enjrnivings.     Crown  8vo,   lOf.  6</.  cloth. 

**  A  very  readable  book.    .    .    .    The  fresh  facts  contained  in  its  pa^,  collected  with  evident  cire, 

form  a  useful  repository  to  meteorologists  in  the  study  of  atmospherical  disturbances.    .    .    .    The  book 

will  repay  perusal  as  being  the  production  of  one  who  gives  evidence  of  acute  observadoa." — Naturt. 

The  Blowpipe. 

THE    BLOWPIPE    IN    CHEMISTRY,    MINERALOGY,    AND 
GEOLOGY,     Containing  all  known  Methods  of  Anhydrous  Analysis  many  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.     By  Lieut. -Colonel  W.  A. 
Ross,  R.A.,  F.G.S.  With  120  Illustrations.  Cr.  8vo,  3J.  6d,  cloth. 
"The  student  who  goes  consdendously  through  the  course  of  experimentation  here  laid  down  will 
gain  a  better  insight  into  inotganic  chemistry  and  mineralogy  than  it  he  had  '  got  up '  any  of  the  best 
text-books  of  the  day,  and  passed  any  number  of  examinauons  in  their  contents."— CA#miV«/ JVInvf. 

The  Military  Scienoea. 

AIDE-MAmOIRE  TO  THE  MILITARY  SCIENCES.  Framed 
from  Contributions  of  Officers  and  others  connected  with  the  different  Services. 
Originally  edited  bv  a  Committee  of  the  Corps  of  Royal  Engineers.  Second 
Edition,  roost  carefully  revised  by  an  Officer  of  the  Corps,  with  many  Additions ; 
containing  nearly  350  Engravings  and  many  hundred  Woodcuts.  Three  Vols.,  rojral 
8vo,  extra  cloth  bcMtrds,  and  lettered,  jf  4  los. 
"  A  compendious  encyclopedia  of  military  knowledge,  to  which  we  are  greatly  indebted.**— ^i£r'»- 

inrgh  Review, 

"The  most  comprehensive  work  of  nferenoe  to  the  milttary  and  collateral  sciences.**— K#AfM/«irr 

Service  GoMette. 

Field  Fortification. 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING. 
Bv  Colonel  I.  S.  Macaulav  U^^  Professor  of  Fortification  in  the  R.M.  A.,  Wool- 
wich.    SUth  Edition,  croi^Q  8vo,  cloth,  ^th  separate  Atlas  of  12  Plates,   12/. 


The  Oigana  of  the  Tempenments.— X.  The  Tern- 
penmeois  Available  ia  Educitlon. — XI.  The 
Choice  of  a  Profesdon. — XII.  The  Promotion  of 
Health.— XIII.  The  Uae  of  the  Word  Tempera- 
ment.—XIV.  Word,  Biographic,  or  Temperameat 
Portraiture. 
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Temperaments. 

OUR  TEMPERAMENTS,  THEIR  STUDY  AND  THEIR 
TEACHING,  A  Popular  Outline,  By  Alexander  Stewart,  F.R.CS. 
Edin.  In  one  large  8vo  volume,  with  30  Illustrations,  including  a  Selection 
from  Lodge's  *'  Historical  Portraits,"  showing  the  Chief  Forms  of  Faces.  Price  15^. 
cloth,  gilt  top. 

»  Contents. 

Chap.  I.  Preliminary. — II.  General  View  of  the  ri^lU*  Modification  of  the  Temperament.— IX. 
Tempenments.— III.  The  Temperaments  and 
Mina. —  IV.  Scheme  of  the  tour  Pure  Tem* 
peramenta.— A  Methodical  ArranKement  of  their 
Ph]rsical  and  Meaul  Characteristics.— V.  Obser- 
vations on  the  Scheme. — VI.  The  Nervous  Tem- 
perament.— VII.  The  Compound  Temperaments. 

"  The  book  is  exceedbglv  interesting,  even  for  those  who  are  not  systematic  students  of  anthropology. 
...    To  those  who  think  the  proper  ktaady  of  mankind  is  man,  it  will  be  full  of  attractioa.'' — Datlf 

**  The  author's  object  is  to  enable  a  student  to  read  a  man's  temperament  in  his  aspect.  The  work 
is  well  adapted  to  its  end.    It  is  worthy  of  the  attention  of  uudents  of  human  nature.'* — Scotsman. 

"The  volume  is  heavy  to  hold,  but  light  to  read.  Though  the  author  has  treated  his  subject  ex- 
haustively, he  writes  in  a  popular  and  pleasant  manner  that  renders  it  attractive  to  the  general  reader." — 
PumcA, 

Pneumatics  and  Acoustics. 

PNEUMATICS:  including:  Acoustics  and  The  Phenomeni  of  Wind 
C«/r/«/j,  for  the  Use  of  Beginners.  By  Charles  Tomlinson,  F.R.S.,  F.C.S., 
&c.     Fourth  Edition  Enlarged.    With  Numerous  Illustrations.    i2mo,  u.  dd.  cloth, 

[Just  published, 

**  Beginners  ia  the  study  of  this  important  app!icadon  of  science  could  not  have  a  better  manual." — 
Scotstman, 

**  A  valuable  and  suitable  text-book  for  studenti  of  Acoiistics  and  the  Phenomena  of  Wind  Currents. 
Schoolmatttr, 

Conohology. 

A  MANUAL  OF  THE  MOLLUSC  A:  Being  a  Treatise  on  Recent  and 
Fossil  Shells,  By  S.  P.  Woodward,  A.L.S.,  F.G.S.,  late  Assistant  Pabeontologi^ 
in  the  British  Museum.  Fifth  Edition.  With  an  Appendix  on  Recent  and  Fossil 
Conchological  Discoveries  by  Ralph  Tate,  A.L.S.,  F.G.S.  Illustrated  by 
A.  N.  Waterhouse  and  Joseph  Wilson  Lowry.  With  23  Plates  and  upwards 
of  300  Woodcuts.  Crown  8vo,  ^s,  6</.  cloth  boards. 
"  A  most  valuable  storehouse  of  conchological  and  geological  information.'* — Science  Gcssip, 

Astronomy. 

ASTRONOMY,    By  the  late  Rev.  Robert  Main,  M.A.,  F.R.S.,  formerly 

Raddiffe  Observer  at  Oxford.   Third  Edition,  Revised  and  Corrected  to  the  present 

Time,  by  William  Thynne  Lynn,  B.A.,   F.R.A.S.,  formerly  of    the  Royal 

Observatory,  Greenwich.     i2mo,  2s.  cloth  limp. 

"A  sound  snd  simnle  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners." — Kmewledge, 
**  Accurately  brougnt  down  to  the  requirements  of  the  presenttime  by  Mr.Lynn.'  — Ettticaiitmnl  Times, 

Qeology. 

RUDIMENTARY  TREATISE  ON  GEOLOGY,  PHYSICAL  AND 

HISTORICAL    Consisting  of  «*  Physical  Geology,"  which  sets  forth  the  Leading 

Principles  of  the  Science  ;  and  *'  Historical  Geology,"  which  treats  of  the  Mineral 

and  Organic  Conditions  of  the  Earth  at  each  successive  epoch,  especial  reference 

being  made  to  the  Britbh  Series  of  Rocks.     By  Ralph  Tate,  A.L.S.,  F.G.S.» 

&c  &c.     With  250  Illustrations.     i2mo,  51.  cloth  boards. 

"  The  fulness  of  the  matter  has  elevated  the  book  into  a  manual  Its  information  is  exhauttive  and 
well  arranged."— 5'cA<w/  Board  Chronicle. 

Qeology  and  Genesis, 

THE  TWIN  RECORDS  OF  CREA  TION;  or,  Geology  and  Genesis, 
their  Perfect  Harmony  and  Wonderful  Concord.  Biy  George  W.  Victor  lb  Vaux. 
Numerous  Illustrations.     Fcap.  8vo,  5^.  cloth. 

*'  A  valuable  contribution  to  the  evidences  of  Revelation,  and  disposes  very  conclusively^  of  the  ugo- 
ments  of  those  who  would  set  God's  Works  against  God's  Word.  No  real  difficulty  is  shirked,  and  no 
sophistry  is  left  unexposed." — The  Rrch. 

*'  The  remarkable  peculiarity  of  this  author  is  that  he  combines  an  unbounded  admiration  of  sdenoe 
with  an  unbounded  admiration  of  the  Written  record.  The  two  impulses  are  balanced  to  a  nicety  :  and 
the  consequence  is  that  difficulties  which  to  minds  less  evenly  pot»ed  would  be  serious  find  immediate 
solutions  of  the  happiest  kinds." — London  Review, 
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DR.  LARDNER'8  HANDBOOKS  OF  NATURAL  PHILOSOPHY. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost  re- 
written by  Benjamin  Loewy,  F.R.A.S.  With  378  Illnstraiions.  Post  8vo,  6s. 
cloth. 

"  The  prrsptcuity  of  the  original  has  been  retained,  and  chapters  which  had  become  obsolete  have 
been  replaced  by  others  of  more  modem  character.  l*he  explanations  throughout  are  studiously  popular^ 
and  care  has  been  taken  to  show  the  application  of  the  various  branches  of  physics  to  the  indu»trial  aru» 
and  to  the  practical  business  of  life." — MiniHg  JoumaL 

'*  Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modem  requirements." — Umittre. 

"  Natural  philosophy  has  had  few  expooents  more  able  or  better  skilled  in  the  art  of  popularising  the 
wbject  than  Dr.  Lardner  :  and  Mr.  Loewy  is  doing  good  service  in  fitting  this  treatise,  and  the  others 
of  the  series,  for  use  at  the  present  time."— ^fWMSOM. 

THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 
New  Edition,  Revised  and  Enlarged  by  Benjamin  Loewy,  F.R.A.S.  With  236 
Illustrations.    Post  8vo,  5^.  cloth. 

"  For  those  *  who  desire  to  attain  an  aocurate  knowledge  of  physical  science  without  the  profound 
methods  of  mathematical  investigation,'  this  work  is  not  merely  intended,  but  well  adapted." — CktmicaC 
Nitut. 

"The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  btilk  of  the  former 
edition,  and  all  the  most  recent  matter  has  been  added.    .    .    .    It  is  a  valuable  text*book."—^Virt  htfnr. 

"  Candidates  for  pass  examinations  will  find  it,  we  think,  specially  suited  to  their  requirements.*'— > 
EM£luk  Mtchomc, 

THE  HANDBOOK  OF  HE  A  T,  Edited  and  almost  entirely  re-writtea 
by  Benjamin  Loewy,  F.R.A.S.,  &c.     117  Illustrations.     Post  8vo,  6x.  cloth. 

"The  style  is  always  clear  and  precise,  and  conveys  instruction  without  leaving  any  cloudiness  or 
lurking  doubts  behind.'  "-Engitutritig, 

**  A  most  exhaustive  book  on  the  subject  on  which  it  treats,  and  is  so  arranged  that  it  can  be  under- 
stood by  all  who  desire  to  attain  an  accurate  knowledge  of  phyMcal  science.  .  .  .  Mr.  Loewy  has 
ioduded  ail  the  latest  discoveries  in  the  varied  laws  and  effects  of  heat."— J'/AnuAir^. 

*'  A  complete  and  handy  text-book  for  the  use  of  students  and  general  readers." — Engiitk  Mechamc, 

THE  HANDBOOK  OF  OPTICS.  By  DioNYSius  Lardner,  D.C.L.^ 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University  College, 
I«ondon.  New  Edition.  Edited  by  T.  Olvek  Harding,  B.  A.  Lond.,  of  l^niversily 
College,  London.     With  298  Illustrations.     Small  8vo,  448  pages,  5/.  cloth. 

"Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated."* 

THE  HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  AND- 
ACOUSTICS.  By  Dr.  Lardner.  Ninth  Thousand.  Edited  by  Geo.  Carey 
Foster,  B.  A.,  F.C.S.     With  400  Illustrations.     Small  8vo,  5^.  cloth. 

^  "  The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  an<t 
lucid  style  of  lardner.  while  correcting  his  errors  and  bringing  up  his  worit  to  the  present  state  of* 
scientific  knowledge."— /'ighdSisr  Scunce  Rtvirw, 

*^*  The  above  five  volumes,  though  ecuh  is  Complete  in  itself ^  form  A  COMPLETE. 
Course  ok  Natcjral  Philosophy. 


Dr.  Lardner'8  Handbook  of  Astronomy. 

THE  HANDBOOK  OF  ASTRONOMY.  Forming  a  Companion  to 
the  '*  Handbook  of  Natural  Philosophy."  By  Dionysius  Lardner,  D.C.L., 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University  College, 
London.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin,  F.R.A.S.,. 
Royal  Observatonr,  Greenwich.  With  38  Plates  and  upwards  of  100  Woodcuts. 
In  One  Vol.,  small  8vo,  550  pages,  9J.  6(1.  cloth. 

"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well* 
•Ranged  a  form— certainly  none  at  the  price  at  which  this  is  offered  to  the  public" — AtAeMmaim. 

"  We  can  do  no  other  than  pronounce  this  work  a  roo^t  valuable  manual  of  astronomy,  and  we 
strongly  recommend  it  to  all  who  wish  to  acquire  a  general — but  at  the  same  time  correct— acquaintance 
with  this  suUime  science."— ^war/e^^  Journal  9/ Hcitnc** 

**  One  of  the  most  deservedly  pot^ular  books  on  the  subject  .  .  .  We  would  recommend  not  only 
the  student  of  the  elementary  pnnciiviL^  of  the  science,  but  himwhoums  at  ma^terin^  the  higher  and 
outhematical  branches  of  xtrononiy  V^(  to  be  without  this  work  beude  Mxxa**— Practical  Ma^^mMitu. 
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DR.  LARDNER'S  MUSEUM  OF  SCIENCE  AND  ART. 

THE  MUSEUM  OF  SCIENCE  AND  ART,  Edited  by  DiONYSiUS 
Lardner,  D.C.L.,  formerly  Professor  of  Natural  Philosophy  and  Astronomy  in 
University  College,  London.  With  upwards  of  1, 200  Engravings  on  Wood.  In  6 
double  volumes,  £1  is,,  in  a  new  and  elegant  doth  binding;  or  handsomely 
bound  in  half  morocco,  3IJ.  6d* 

Contents. 


The  Planets:  Are  they  Inhabited  Worlds f— 
Weather  Prognostics — Popular  Fallacies  in  Ques- 
tions of  Physical  Sdeoce—  Latitudes  and  Longi- 
tudes— Lunar  Influences — Meteoric  Stones  and 
•Shooting  Stars — Railway  Accidents — Light — Com- 
mon Things :  Air — Locomotion  in  the  United 
States — Cometary  Influences— Common  Things  : 
Water— The  Potter's  Art — Common  Things :  Fire 
— Locomotion  and  Transport,  their  Influence  and 
Progress — The  Moon  —  Common  Things:  The 
Earth— The  Electric  Telegraph— Terrestrial  Heat 
— The  Sun — Earthquakes  and  Volcanoes — Baro- 
meter, Safety  Lamp,  and  Whitworth's  Microme- 
tric  Apparatus — Steam— The  Steam  Engine — The 
Eye— The  Atmosphere — ^Time — Common  Thinn : 
Pumps — Common  Things :  Spectacles,  the  Ka- 
leidoscope— Clocks  and  Watches— Microscopic 
Drawing  and  Engraving — Locomotive — Thermo- 


meter—New Planets:  Leverrier  and  Adams't 
Planet — Magnitude  and  Minuteness — Common 
Things :  The  Almanacks-Optical  Images— How 
to  obeenre  the  Heavens — Common  Thinn:  Tlie 
Looking-glass— Stellar  Universe— The  Tidejh— 
Colour  —  Common  Things :  Man  —  Magnifying 
Glasses— Instinct  and  Intelligence— The  Solar 
Microscope — The  Camera  Ludda — ^The  Magic 
Lantern— The  Camera  Ohscura— The  Microscope 
—The  White  Ants :  Their  Manners  and  Habits— 
The  Surface  of  the  Earth,  or  First  Notions  of 
Geographjr;— Science  and  Poetry — ^The  Bee- 
Steam  Navigation— Electro-Motive  Power^Thun- 
der,  Lightnmg,  and  the  Aurora  Borealis— Th« 
Printing  Pres»— The  Crust  of  the  Earth— Comets 
—The  Stereoscope— The  Pre-Adamite  Earth— 
Edipees — Sound. 


•»•  Opinions  of  the  Press. 

"This  series,  besides  affording  popular  but  sound  instruction  on  scientific  subjects,  with  which  the 
liumblest  man  in  the  countrv  ought  to  be  acquainted,  also  undertakes  that  teaching  of  *  Common  Thinn ' 
which  every  well  wisher  of  his  kind  is  anxious  to  promote.  Many  thousand  copies  of  this  aerviceable 
publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  instruction  and  improvement 
widely  prevails  ;  and  we  have  no  fear  that  such  enlightened  fiuch  will  meet  with  disappointment.'*— 
Ttmts. 

"  A  cheap  and  interesting  publication,  alike  informing  and  attractive.  The  papers  combine  sabiects 
■of  importance  and  great  scientific  knowledge,  considerable  induaive  powersi,  and  a  popular  style  of 
treatment  **— Spectator, 

"  The  *  Museum  of  Science  and  Art '  is  the  most  valuable  contribution  that  has  ever  been  made  to 
the  scientific  instruction  of  every  class  of  society." — Sir  David  Brewstsr,  in  the  North  Brituk 
Review. 

"  Whether  we  consider  the  liberality  and  beauty  of  the  illustrations,  the  charm  of  the  writing,  or 
the  durable  interest  of  the  matter,  we  mukt  express  our  belief  that  there  is  hardly  to  be  found  among  the 
new  books  one  that  would  be  welcomed  by  people  of  so  many  ages  and  classes  as  a  valuable  present.**— 
Examiner, 

•^*  Separate  books  formed  from  the  above,  suitable  for  Workmen*  s  Libraries, 

Science  Classes,  df*c. 

Common  Things  Explained.  Containing  Air,  Earth,  Fire,  Water,  Time,  Man, 
the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  &c  233  Illustrations,  doth 
gilt,  5J. 

The  Microscope.  Containing  Optical  Images,  Magnifying  Glasses,  Origin  and 
Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Microscope,  Micro- 
«copic  Drawing  and  Engraving,  &c.     147  Illustrations  cloth  gilt,  2s, 

l^opular  Geology.  Containing  Earthquakes  and  Volcanoes,  the  Ciust  of  the 
Earth,  &c.    201  Illustrations,  cloth  gilt,  2s,  6d. 

Popular  Physics.  Containing  Magnitude  and  Minuteness,  the  Atmosphere^ 
Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the  Thermometer,  the 
Barometer,  Sound,  &c.    85  Illustrations,  cloth  gilt,  2s.  6d, 

Steam  and  its  Uses.  Including  the  Steam  Engine,  the  Locomotive,  and  Steam 
Navigation.     89  Illustrations,  cloth  gilt,  2s, 

Popular  Astronomy.  Containing  How  to  observe  the  Heavens.  The  Earth,  Sun, 
Moon,  Planets.  Light,  Comets,  Eclipses,  Astronomical  Influences,  &c.  182  Illus- 
trations, 4r.  6d. 

The  Bee  and  White  Ants :  Their  Manners  and  HabiU.  With  IllastrattoDS  of 
Animal  Instinct  and  Intelligence.     135  Illustrations,  cloth  gilt,  2s, 

The  Electric  Telegraph  Popularized.  To  render  intelligible  to  all  who  can 
Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various  forms  of 
Telegraphy  in  Actual  Operation.     100  Illustrations,  cloth  gilt,  is.  6d» 
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COUNTINOHOnSB  WORE,  TABLES,  CALCULATORS,  eto. 
Aooountafor  Manufacturers. 

FACTORY  ACCOUNTS :  Their  Principles  and  Practice.    A  Hand-book 

for  Accountants  and  Manufacturers,  with  Appendices  on  the  Nomenclature  of  Machine 

Details  ;  the  Income  Tax  Acts  ;  the  Rating  of  Factories  ;  Fire  and  Boiler  Insurance  ; 

the  Factory  and  Workshop  Acts,  &c.,  including  also  a  Glossary  of  Terms  and  a  large 

number  of  Specimen  Rulings.     By  Emile  Garcke  and  J.  M.  Fells.      Demy  8vo, 

250  Pages.     Price  lOf.  M.  strongly  bound.  [Just published, 

*'  One  of  the  most  important  works  ever  published  dealing  with  these  anatters.  The  authors  have 
treated  the  subject  from  the  standpoint  of  the  factory,  as  practical  men  speaking  to  practical  men,  and 
not,  as  has  been  too  often  the  case,  as  schoolmasters  to  schoolboys.'* — EUctricioH, 

^  "A  very  interesting  description  of  the  requiremenu  of  Factory  Accounts.  ...  The  principle  ol 
assimilating  the  Factory  Accounts  to  the  general  commercial  books  is  one  which  we  thoroughly  agree 
with." — Account'ints'  yfiurma/. 

"  Characterised  by  extreme  thoroughness.  There  are  few  owners  of  factories  who  would  not 
derive  great  benefit  from  the  perusal  of  this  most  admirable  work.*' — Local  Govtmmtnt  CkronicU, 

Foreign  Commerolal  Correspondence. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT:  Being  Aids 
to  Commercial  Correspondence  in  Five  Languages,  English,  French,  German^ 
Italian,  and  Spanish.     By  Charles  £.  Baker.    Crown  Svo.    Price  about  5/. 

[In  pnparation, 

Intuitiue  Calculations. 

THE  COMPENDIOUS  CALCULA  TOR ;  or,  Easy  and  Concise  Methods 
of  Performing  the  various  Arithmetical  Operations  required  in  Commercial  and 
Business  Transactions,  together  with  Useful  Tables.  Bv  Daniel  O'Gorman. 
Corrected  and  extended  by  J.  R.  Young,  formerly  Professor  of  Mathematics  at 
Belfast  College.  Twenty-sixth  Edition,  carefully  Revised  by  C  NORRIS.  Fcap. 
Svo,  31.  6d,  strongly  half  bound  in  leather. 

*'  It  woukl  be  difficult  to  exaggerate  the  usefulness  of  a  book  like  this  to  ereryone  engaged  in  com> 
merce  or  manufacturing  industry.  It  is  cranuned  full  of  rules  and  formula  for  shortening  and  employing 
calculations." — KnoutUdgt, 

"Supplies  s^ial  and  rapid  methods  for  aU  kinds  of  calculatioas.  Of  gieat  utility  to  penona 
engaged  m  any  kind  of  commercial  transactions.*' — Scotsmum, 

modem  metrical  Units  and  Systems. 

MODERN  METROLOGY:  A  Manual  of  the  Metrical  Units  ana 
Systems  of  the  present  Century.  With  an  Appendix  containing  a  proposed  English 
System.  By  Lowis  D*A.  Jackson,  A.M.  Inst.  C.E.,  Author  of"  Aid  to  Survey 
Practice,"  &c     Large  crown  8vo,  laj.  6^.  doth. 

**  The  author  has  brought  together  much  valuable  and  iaterestiBg  infonnatioii.  .  •  •  We  cannot 
but  recommend  the  work  to  the  consideiatioo  of  all  interested  in  the  practical  reform  of  our  weights  and 
BMasures."— iVo/wrf. 

"  For  exhaustive  ubles  of  equivalent  weights  and  measures  of  all  sorts,  and  for  dear  demoostradcoa 
of  the  effecu  of  the  various  systems  that  have  been  proposed  or  adopted,  Mr.  Jackson's  treatise  ia 
without  a  Tn9L**^Acad*my, 

The  metric  System  and  the  British  Standards. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  Bntish  Standard 
Measures  and  Weights  are  compared  with  those  of  the  Metric  Svstem  at  present  in 
Use  on  the  Continent.     By  C.  H.  Dowling,  C.£.     Svo,  lOr.  id,  stronffy  bound. 
'Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer- RoyaL"«^iMZ»r. 
'  Mr.  Dowling's  Tables  are  well  put  together  as  a  ready  reckoner  for  the  oonversioo  of  one  syueok 
Bto  the  other.*'— y(M#iM»»iw. 

Iron  and  metal  Trades'  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION:  For  ex- 
peditiously ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight,  from  u. 
per  cwt.  to  1 1 2J.  per  cwt ,  and  from  one  farthing  per  pound  to  one  shilling  per  potmd. 
Each  Table  extends  from  one  pound  to  100  tons  ;  to  which  are  appended  Rules  on 
Decimals,  Square  and  Cube  Root,  Mensuration  of  Superficies  and  Solids,  &c  ; 
also  Tables  of  Weights  of  Materials,  and  other  Useful  Memoranda.  By  Thomas 
DowNiE.  Strongly  bound  in  leather,  396  pp.»  9^. 
<*  A  most  useful  set  of  tables,  and  will  supply  a  want,  for  nothing  tike  them  before  existed."— ^witfMV' 

••AUhough  ipecially  adapted  to  the  »«»>  and  metal  trades,  the  taMes  will  be  found  useful  in  every 
other  business  in  which  merchandise  ^5  bought  aad  sol^  by  we'iihl."— J?«Vt»aj'  News, 
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Calculator  for  Numbers  and  Weights  Combined. 

THE  COMBINED  NUMBER  AND  WEIGHT  CALCULATOR. 
Containing  upwards  of  250,000  Separate  Calculations,  showing  at  a  glance  the 
▼alne  at  421  different  rates,  ranging  from  Ath  of  a  Pennv  to  20x.  each,  or  per  cwt., 
and  ;f  20  per  ton,  of  any  number  of  articles  consecutively,  from  I  to  470. — Any 
number  of  cwts.,  qrs.,  and  lbs.,  from  I  cwt.  to  470  cwts. — Any  number  of  tons, 
cwts.,  qrs.  and  lbs.,  from  I  to  23^  tons.  By  William  Chadwick,  Public 
Accountant.  Imp.  8vo,  301.  strongly  bound  for  Office  wear  and  tear. 
^^  This  comprehensive  and  entirely  unique  and  original  Calculator  is  adapted  for 

the  use  of  Accountants  and  Auditors^  Railway  Companies^  Canal  Companies,  Shippers^ 

Shipping  Agents^  General  Carriers^  &*c, 

Ironfounders^  Brassfounders^  Atetal  Merchants^  Iron  Manufacturers^  Ironmongers^ 

Engineers^  Machinists^  Boiler  Makers^  Millwrights^  Roofings  Bridge  and  Girder  Makers  ^ 

Colliery  Proprietors,  ^c. 

Timber     Merchants^    Buildfrs,    Contractors,    Architects,   Surveyors,  ^Auctioneers, 

Valuers,  Brokers,  Mill  Ovmers  and  Manufacturers,  Mill  Furnishers,  Merchants,  and 

General  WhoUscUe  Tradesmen, 

*,*  Opinions  of  the  Press. 

"The  book  contains  the  answers  to  questions,  and  not  simply  a  set  of  ingenious  puzzle  methods  of 
airiving  at  results.  It  is  aa  easy  of  refereooe  for  any  answer  or  any  number  of  answers  as  a  dictionary, 
and  the  references  are  even  more  quickly  made.  For  making  up  accounts  or  estimates  the  book  must 
prove  invaluable  to  all  who  have  any  considerable  quantity  of  calculations  involving  price  and  measure 
in  any  combination  to  do." — St^inetr, 

'*  The  most  complete  and  practical  ready  reckoner  which  it  has  been  onr  fortune  yet  to  see.  It  is 
difficult  to  imagiiie  a  trade  or  occupation  in  which  it  could  not  be  of  the  greatest  use,  either  in  saving 
human  labour  or  in  checking  work.  The  publishers  have  placed  writhin  the  reach  of  every  commercial 
man  an  invaluable  and  unfailing  assistant.^'— TAf  Milter. 

**  The  most  perfect  work  of  the  kind  yet  prepared."— (7Asffvw  Heratd, 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR;  Being  a  Series  of  Tables  upon  a 
New  and  Comprehensive  Plan,  exhibiting  at  one  Reference  the  exact  Value  of  any 
Weight  from  i  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id,  to  16&.  per  cwt, 
and  containing  186,000  Direct  Answers,  which,  with  their  Combinations,  consisting 
of  a  single  addition  (mostly  to  be  performed  at  sight),  will  afford  an  aggregate  of 
10,266,000  Answers ;  the  whole  being  calculated  and  designed  to  ensure  correct- 
ness and  promote  despatch.  By  Henry  Harben,  Accountant.  Fourth  Edition, 
carefully  corrected.     Koyal  8vo,  strongly  half- bound,  ;^i  5x.  [Just  published. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  generally ;  it  is  the  best  of  the  kind  we 
have  seen.  "<^/nMf iMMvvr. 

"  Of  priceless  valua  to  business  men.  It  is  a  necessary  book  in  all  mercantile  o&ocsJ'*—Shefield 
Jndtpendtnt, 

Comprehensiue  Discount  Oulde. 

THE  DISCOUNT  GUIDE,   Comprising  several  Series  of  Tables  for 

the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others,  by  which  may  be 

ascertained  the  exact  Profit  arising  from  any  mode  of  using  Discounts,  either  in  the 

Purchase  or  Sale  of  Goods,  and  the  method  of  either  Altering  a  Rate  of  Discount, 

or  Advancing  a  Price,  so  as  to  produce,  by  one  operation,  a  sum  that  will  realise  any 

required  profit  after  allowing  one  or  more  Discounts :  to  which  are  added  Tables  of 

Profit  or  Advance  from  i^  to  90  per  cent..  Tables  of  Discount  from  ij  to  98I  per 

cent.,  and  Tables  of  Commission,  &c.,  from  }  to  10  per  cent.  By  Henry  Harben, 

Accountant,  Author  of  **  The  Weight  Calculator."    New  Edition,  carefully  Revised 

and  Corrected.     Demy  8vo,  544  pp.,  half-bound,  jf  I  Ss. 

'*  A  book  such  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  time  means 
saving  of  money.  We  have  the  high  authority  of  Professor  J.  R.  Young  that  the  tables  throughout  the 
work  are  constructed  upon  strictly  accurate  principles.  The  work  is  a  model  of  typographical  clearness, 
and  must  prove  of  great  value  to  merchanu,  manufacturers,  and  general  traders." — British  Tradg 
jfoumaL 

Iron  Shipbuilders'  and  Merchants'  Weight  Tables, 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shipbuilders,  Engi- 
neers, and  Iron  Merchants,  Containing  the  Calculated  Weights  of  upwards  of 
150,000  different  sizes  of  Iron  Plates  from  i  foot  by  6  in.  by  i  in.  to  10  feet  by  5 
feet  by  I  in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square  foot  of  Iron  of  i 
inch  in  thickness.  Carefully  compiled,  and  thoroughly  Revised  by  H.  Burlinson 
and  W.  H.  Simpson.    Oblong  410,  25J.  half-bound. 

•'This  work  will  be  found  of  great  utility.  The  authors  have  had  much  practical  expcrifnce  of 
what  is  wanting  in  making  estimates,  and  the  use  of  the  book  will  save  much  time  in  making  elaborate 
calculations. ' '—  English  Mechanic . 
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Soap^making. 

THE  ART  OF  SOAP-MAKING  :  A  Practical  Handbook  of  ike 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  6v.  Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  Waste  Leys.  By 
Alexander  Watt,  Author  of  "  Electro-MeUllurgy  Practically  Treated,"  &c. 
With  numerous  Illustrations.    Third  Edition,  Revised.    Crown  8vo,  ys,  6d,  cloth. 

"  The  work  wilt  prove  very  uieful,  not  merely  to  the  technnloeical  student,  but  to  the  practical  soap- 
boiler who  wishes  to  undersund  the  theory  of  his  art" — Chtmiceu  tfewu 

"Really  an  excellent  example  of  a  ledinical  manual,  entering  as  it  does,  thoroughly  and  exhaustively, 
both  into  the  theory  and  practice  of  soap  manufacture.  The  book  is  well  and  honestly  done,  and  de- 
serves the  considerable  circulation  with  which  it  will  doubtlev  meet." — Knowledge, 

**  Mr.  Watt's  book  is  a  thoroughly  practical  treaiise  on  an  art  which  has  almost  no  literature  in  our 
language.  We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  English  technical 
literature."— A'ia/wrv. 

Leather  Manufaoture. 

THE  ART  OF  LEATHER  MANUFACTURE:  Being  a  Practical 
Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and  Leather  Dressing 
are  fully  Described,  and  the  Principles  of  Tanning  Explained,  and  many  Recent 
Processes  Introduced ;  as  also  Methods  for  the  Estimation  of  Tannin,  and  a 
Description  of  the  Arts  of  Glue  Boiling,  Gut  Dressing,  &c.  By  Alexander 
Watt,  Author  of  *•  Soap-Making,"  "  Electro- Metallurgy,"  &c  With  numerous 
Illustrations.     Second  Edition.    Crown  8vo,  9r.  cloth.  [Just  published, 

"  Mr.  Watt  has  rendered  an  important  service  to  the  trade,  and  no  less  to  the  student  of  technology." 
-^-Cktmicai  News, 

*' A  sound,  comprehensive  treatise  on  tanning  and  its  accessories.  The  book  is  an  eminently  valuable 
production,  which  redounds  to  the  credit  of  both  author  and  publishers."— CA«wi/V«/  Review, 

**  This  volume  is  technical  without  being  tedious,  comprehensive  and  complete  without  being  prosy, 
and  it  bears  on  every  page  the  impress  of  a  master  nand.  We  have  never  come  across  a  better  tnule 
treatise,  nor  one  that  so  thoroughly  supplied  an  absolute  ww^C^—Skee  and  Leather  Trades*  Chremieie. 

Boot  and  Shoe  Making. 

THE  ART  OF  BOOT  AND  SHOE-MAKING  :  A  Practical  Hand- 
book, including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and  Making, 
with  a  Description  of  the  most  approved  Machinery  Employed.  By  John  B. 
Leno,  late  Editor  of  St,  Crispin,  and  The  Boot  and  Shoe-Maker,  With  numerous 
Illustrations.     Second  Edition.     Crown  Svo,  2j.  ^  cloth.  [yust  published, 

"This  excellent  treatise  is  by  far  the  best  work  ever  written  on  the  subject.  A  new  work  embracing 
all  Buxlem  improvements  was  much  wanted.  This  want  is  now  satisfied.  The  chapter  on  clicking, 
which  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book.*'-%S'(C»^/rM  Leather 
Trader, 

**  This  volume  is  replete  with  matter  well  wonhy  the  perusal  of  boot  and  shoe  manu&cturers  and 
experienced  craftsmen,  and  instructive  and  Suable  in  the  niffhest  degree  to  all  young  beginners  and 
cnltsmen  in  the  trade  of  which  it  txteAz,**— Leather  Traded  Circular. 

Dentistry. 

MECHANICAL  DENTISTRY:  A  Practical  Treaiise  on  the  Construe- 
tion  of  the  various  kinds  of  Artificial  Dentures,  Comprising  also  Useful  Formulae, 
Tables,  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  &c.  By  Charles 
Hunter.  Third  Edition,  Revised.  With  upwards  of  100  Wood'  Engravings. 
Crown  Svo,  ys,  6d.  cloth.  [Just  published, 

'  The  work  is  verv  practicaL" — Memthly  Revism  0/ Dental  Surgery, 
We  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession 

of  dentistry,  as  well  as  to  every  mechanical  dentist"— Z>«M'f«  JounuU  of  Medical  Scitnce. 

"  A  work  in  a  concise  form  that  few  could  read  without  gaining  information  ftoMa,'*'—Sfitish  Jeumal 

4/*  Dental  Science. 

Wood  Engraving. 

A  PRACTICAL  MANUAL  OF  WOOD  ENGRAVING.  With  a 
Brief  Account  of  the  History  of  the  Art.  By  William  Norman  Brown.  With 
numerous  Illustrations.    Crown  Svo,  2s.  cloth. 

'*  The  author  deals  with  the  subject  in  a  thoronghly  practical  and  easy  series  of  representative 
lessons. "— /'a/«r  aitd  Printing  Trades  Journal. 

*'The  book  is  clear  and  complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  first 
elemena  of  the  beautiful  art  of  wood  engraving."— <7nK>A«V. 

Paper  Making, 

A  TREATISE  ON  PAPER;  with  an  Outline  of  its  Manufacture,  Com- 
'     plete  Tables  of  Sizes,  6*f,       For    Printers    and    Stationers.       By    Richardson 
Parkinson.    Svo,  3^.  cloth  ;  ^'  ^^'  paper  wrapper. 

*'  An  admirable  handbook,  boQe^.i ^  written  by  a  m»n  who  understands  his  subject.**— /'r/«Vrj' 
Ke£tster.  "' 
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LOCKWOOD'S  HANDYB00K8  FOR  HANDICRAfTS. 

Then  Handybooks  are  written  to  supply  Handicraftsmen  with  information  on 
workshop  practice^  and  are  intended  to  convey^  in  plain  language^  technical  kmrwledge  of  the 
severed  crafts.  Workshop  terms  are  used^  and  workshop  practice  described^  the  text  being 
freely  illustrated  with  drawings  of  modem  tools ^  appliances  and  processes,  useful  alike  to 
the  young  beginner  and  to  the  old  hand,  whose  range  of  experience  has  been  narrowed 
uncUr  a  system  of  divide  labour,  as  well  as  to  amateurs, 

N,B, — The  following  Volumes  are  already  published ,  and  others  are  in  preparation. 

Metal  Turning. 

THE  METAL  TURNER'S  HANDYBOOK.  A  Practical  Manual  for 
Workers  at  the  Foot- Lathe  :  Embracing  information  on  the  Tools,  Appliances  and 
Processes  employed  in  Metal  Turning.  By  Paul  N.  Hasluck,  A.I.M.E.,  Author 
of  "  Laihe- Work. "  With  upwards  of  One  Hundred  Illustrations.  Second  Edition* 
Revised.     Crown  8vo,  2J.  cloth.  [J^ust  published. 

'*  Altogether  admiimUy  adapted  to  initiate  students  into  the  art  of  tanuug,**—Letce*ter  Post. 

"  Qcarly  and  concisely  written,  excellent  in  erery  way,  we  heartily  commend  it  to  all  interested  in 
metal  turning." — Mtckmnicai  World. 

**  With  the  asastance  of  a  clever  master,  a  dear  and  ▼ivid  exponnder,  and  an  abundance  of  illnstra- 
tioitt,  the  work  lets  handicraftsmen  know  what  are  the  resoiuces  of  the  turning-lathe  and  how  these  may 
be  developed.'*— Z7««</<#  Advertiser. 

Wood  Turning. 

THE  WOOD  TURNER'S  HANDYBOOK.  A  Practical  Manual  for 
Workers  eU  the  Lathe :  Embracing  Information  on  the  Tools,  Appliances  and 
Processes  Employed  in  Wood  Turning.  By  Paul  N.  Hasluck,  A.I.M.E.  Author 
of  "Lathe- Work,"  "The  Metal  Turner's  Handybook,"  &c.  With  upwards  of  One 
Hundred  Illustrations.     Crown  8to,  2j.  cloth.  [Just  published, 

"  The  volume  is  well  and  clearly  written  in  a  lucid  style,  and  all  the  instnictions  are  fully  given.  It 
will  be  found  of  great  value  to  workmen  and  amateurs,  and  forms  a  sale  and  reliable  guide  to  every 
bnndi  of  lathe  manipulation."— Cay^^»M/rr  and  Builder, 

"  An  excellent  manual  for  workers  at  the  lathe.'* — Glasgow  Herald 

**  Vf9  recommend  the  book  to  youn^  turners  and  amateurs.  A  multitude  of  workmen  have  hitherto 
sought  in  vain  for  a  manual  of  this  q>ecial  'mdvMry"-~Sfechmmieal  World, 

Watch  Repairing. 

THE  WATCH  JOBBER'S  HANDY  BOOK.  A  Practical  Manual 
on  CUa$ting,  Repairing  and  Adjusting.  Embracing  Information  on  the  Tools, 
Materials,  Appliances  and  Processes  Employed  in  Watchwork.  By  Paul  N. 
Hasluck,  A.I.M.E.  Author  of  "Lathe- Work,"  "The  Metal  Turner's  Handy- 
Book,"  "  The  Wood  Turner's  Handybook,"  &c.  With  upwanls  of  One  Hundred 
Illustrations.     Crown  8vo,  2J.  cloth.  [yust  published, 

**  Written  in  a  clear  style  exactly  suited  to  beginners  and  amatenrs.  We  heartily  recommend  it.*'— 
Practical  Engineer. 

"  We  recommend  it  to  craftsmen  in  watchmaking  as  a  useful  and  well  written  grammar  of  their  art.** 
—Scotsman, 

*'  All  young  penons  connected  with  the  trade  should  acquire  and  study  this  excellent,  and  at  the 

le  time,  inexpensive  work.*'— Ci^rrftnnivtf  Chronicle, 


Pattern  Maliing. 

THE  PATTERN  MAKER'S  HANDYBOOK.  A  Practical  Manual, 
embracing  Information  on  the  Tools,  Materials  and  Appliances  employed  in  Con- 
structing Patterns  for  Founders.  By  Paul  N.  Hasluck,  A.I.M.E.  With  One 
Hundred  Illustrations.     Crown  8vo,  2s.  cloth.  \yust published^ 

*'  Mr.  Haslttck's  '  Lathe  Work '  and  kindred  productions  have  aajoired  a  high  reputation.  His  new 
volume, '  Pattern  Making,'  contains  invaluaUe  advice,  and  furnishes  the  studious  workman  with  a  very 
large  amount  of  practical  information." — Lloyds  News, 

**  Especially  useful  to  the  beginner.  We  commend  it  to  all  who  are  interested  in  the  counsels  it  so 
ably  gives."— C#^«tfy7  Guardiam. 

''This  handy  volume  contains  sound  information  of  considerable  valne  to  students  and  artificers."— ^ 
Hardware  Trade  youmal, 

Mechanioal  Manipulation s 

THE  MECHANICS  WORKSHOP  HANDYBOOK.  A  Practical 
Manual  on  Mechanical  Manipulation.  Embracing  Information  on  various  Handiciaft 
Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda.  By  Paul  N. 
Hasluck,  A.I.M.E.,  Author  of  "Lathe  Work,'*  "The  Metal  Turner's  Handy- 
book,"  "  The  Wood  Turner's  Handybook,"  &c.     Cr.  8¥0,  2s,  cloth,    [^ust  ready. 
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Bleotroluaia  of  Gold,  Silver,  Copper,  Ac. 

ELECTRO-DEPOSITION :  A  Practical  Treatise  on  the  Electrolysis  of 
Gold,  Silver,  Copper,  Nickel,  and  other  Metals  and  AUoys.  With  descriptions  of 
Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Thermopiles,  and  of 
the  Materials  and  Processes  used  in  every  Department  of  the  Art,  and  several 
Chapters  on  ELECTRO-METALLVRGY.  By  Albxandbr  Watt,  Author  of 
"  Electro-Metallurgy,"  &c.  With  numerous  Illustrations.  Second  Edition,  Revised 
and  Corrected.     Crown  8vo,  9;.,  cloth.  \yust  publishtd, 

**  Erideatly  wrictca  by  a  practical  nan  who  has  spent  a  long  period  of  tine  in  dectro-nlate  work- 
•hopt.    Tlie  informadoa  given  respecting  the  details  of  workshop  maniijulation  is  reasarkably  com- 
plete. ....  Mr.  Watt's  book  will  prove  of  great  value  to  electro-depositon,  jeweUen,  and  various 
other  workers  in  metaL**— JV«<»nr. 

"  Eminently  a  book  for  the  practical  worker  in  dectro-depositioo.  It  contains  minute  and  practical 
descriptions  of  methods,  processes  and  materials,  as  actually  pursued  and  used  in  the  woricshop.  Mr* 
Watt's  book  recommends  itself  to  all  interested  in  its  subjects.*^— ^vmm"'* 

EleotrO'Metallurgy. 

ELECTRO-METALLURGY;  PracHcally  Treated.     By  Alexander. 
Watt,  F.R.S.S.  A     Eighth  Edition,  Revised,  with  Additional  Matter  and  Illustra- 
tions, including  the  most  recent  Processes.    i2mo,  31.  6</.  cloth  boards. 
"  Prom  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful  pro* 
secutioo  of  electroplating."— /fVff. 

Electroplating. 

ELECTROPLATING:  A  Practical Handdook.    By  J.  W.  Urquhart^ 
C.E.      With  numerous  Illustrations.     Crown  8vo,  5J.  cloth. 

*'  Tbe  information  nven  appears  to  be  based  on  direct  persoaal  knowledge. Its  sdenoe  i» 

sound  and  the  style  is  always  dear."— i^/A«iMr»iM. 

Eleotrotuping, 

ELECTROTYPING  :  The  Reproduction  and  Multiplication  of  Printings 
Surfaces  and  IVarks  of  Art  fy  the  EUctro-deposition  of  Metals,  By  J.  W.  Urquh  art^ 
C.E.    Crown  8vo,  51.  doth. 
"  The  book  is  thorougUy  practical ;  the  reader  is,  therefore,  conducted  through  the  leading  lavs  of 

the  ifiparatus,  and  the  depositing  processes,  up 


"  1  ne  DooK  IS  toorougiuy  practical ;  tne  reader  is,  tne 
electricity,  then  through  tne  metals  used  by  electrotypeis, 
to  the  final  preparation  of  the  work.***-  Art  J^ummL 


"  We  can  recommend  this  treatise,  not  merely  to  amateurs,  but  to  those  actually  engaged  in  the 
trade."— CA«NwV«/  Nmn. 

Qoldamltifa'  Work. 

THE  GOLDSMITH'S  HANDBOOK.    By  George  E.  Gee,  JewcUcr,. 

&c.     Third  Edition,  considerably  enlaiced.     i2mo,  \s.  6d.  cloth  boards. 


Siiueramitha'  Work. 

THE  SIL  VERSMITWS  HANDBOOK.    By  GEORGE  E.  Gee,  Jeweller^ 
&c.     Second  Edition,  Revised,  with  numerous  Illusts.     i2mo,  3/.  6^.  cloth  boards. 
'*  The  chief  merit  of  the  work  is  its  practical  character.    .    .    The  workers  in  the  trade  will  speedily 
discover  its  menu  when  they  sit  down  to  study  it." — EwUtk  Mtchank, 

**This  work  forms  a  valuable  sequel  to  the  author's  '  Goldsmith's  Handbook.'"— 5'i7tvrrJHi/A«*  Trmdf 

*^  The  above  two  works  together^  strongly  kalfbous$d^  price  ys. 

Textile  Manufaoturera'  Tables. 

UNIVERSAL  TABLES  OF  TEXTILE  STRUCTURE.  For  the 
use  of  Manufacturers  in  every  branch  of  Textile  Trade.  By  Joseph  Edmondson. 
Oblong  folio,  strongly  bound  in  cloth,  price  ys.  td.  \Just  published. 

K*"  These  TabUs  provide  what  has  long  been  wanted^  a  simple  and  easy  means  of 
atyustiug  yams  to  "  reetls  "  or  **  setts"  or  to  **  picks  "  or  **  shots^"*  and  vice  versa^  so  that 
fabrics  may  be  made  of  varying  weights  or  fineness^  but  having  the  same  character  and 
proportions.  The  principle  on  which  the  tables  are  founded  is  well-known  cmd  much  used 
in  the  muslin  manufacture^  but  the  intricacy  of  the  calculations  hitherto  required  (especially 
where  warp  and  wtft  differ  in  counts  and  in  the  closeness  of  the  threads  f  has  prevented  its 
general  application.  By  these  tables  all  the  adjustments  may  be  made  without  calculation. 
Mere  references  to  the  proper  places  bring  out  the  required  information.  The  tables  are 
universeUly  applicable  throughout  the  whole  range  of  woven  fabrics^  whatever  the  material 
competing  them  or  whatever  the  mode  of  numbering  their  yams  or  **  setts.'^ 

*'  lounense  kbour  has  been  beciowodOB  the  work  by  the  author.  The  ubles  are  adapted  to  every 
flBode  of  numbtoing  yams  and  setta  gnd  apply  to  all  tne  bsaaches  of  textile  manufactnre."— TVjrA'Ar 
^eeofmer. 


34  CROSBY  LOCKWOOD  &»  SON'S  CATALOGUE. 

Horology. 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theory  and  Practice. 
Translated  from  the  French  of  Claudius  Saunier,  ex-Director  of  the  School  of 
Horology  at  Macon,  by  Julien  Tripplin,  F.R.A.S.,  Besancon  Watch  Manu- 
facturer, and  Edward  Rigg,  M.  A.,  Assayer  in  the  Royal  Mint.  With  Seventy- 
Eight  Woodcuts  and  Twenty- Two  Coloured  Copper  Plates.  Second  Edition. 
Super-royal  Svo,  £2  2s,  cloth,  £2  los,  half-calf. 

*'  There  is  no  horological  work  in  the  £agUsh  Uoguage  at  all  to  be  compared  to  this  productioa  of 
IVt.  Saunier's  for  clearaeis  and  completeness.  It  is  alike  good  as  a  |^de  for  the  student  and  as  a 
refei  ence  for  the  experienced  horotogist  and  ddlled  workman.** — H^ralagical  Joumal, 

**  llie  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which  con- 
tinental watchmaker*  are  indebted  for  the  mechanical  superiority  over  their  English  brethren — in  &ct, 
the  Itook  of  Books,  is  M.  Saunier's  '  Treatise.*  '* ^Watchmaker,  JewtlUr,  and SUvertmitk. 

*' This  magnificent  treatise  is  one  of  the  most  valuable  and  comprehensive  contributions  to  the 
literature  of  horological  art  and  science  ever  produced,  and  cannot  be  too  hiehly  commended.  It  is  a 
pcricct  cyclopaedia  of  watch  and  clockmaking." — Th*  Coventry  IVatck  and  CUckmaktr, 

Watchmaking. 

THE  WATCHMAKERS  HANDBOOK.  Intended  as  a  Workshop 
Companion  for  those  engaged  in  Watchmaking  and  the  Allied  Mechanical  Aits. 
Translated  from  the  French  of  Claudius  Saunier,  and  considerably  enlarged  by 
JULIRN  Tripplin,  F.R.A.S.,    Vice-President  of  the  Horological  Institute,  and 

Edward  Rigg,  M.A.,  Assayer  in  the  Royal  Mint.  With  Numerous  Woodcnts 
and  Fourteen  Copper  Plates.  Second  Edition,  Revised.  With  Appendix.  Crown 
8vo,  9J.  cloth.  [yust published. 

"Each  part  is  truly  a  treatise  in  itself.  The  arrangement  is  good  and  the  language  is  clear  and 
concise.    It  is  an  admirable  guide  for  the  young  watchmaker." — EngitueHmg. 

*'  It  is  impossible  to  speak  too  highly  of  its  excelleoce.  It  fulfils  everv  reouirement  in  a  handbook 
intended  for  the  use  of  a  workman,    should  be  found  in  every  workshop.  — Irdtch  attd  Clockmaker. 

**  This  book  contaiis  an  immense  number  of  practical  deuils  beannc  on  the  daily  occupatioa  of  a 
watchmaker,  and  it  will  be  found  of  gre-it  use  tu  an  army  of  wor\itn.-~iVatchmak4r  ofut  Mttaiwarktr 
<Chicago}. 


CHEMICAL  MANUFACTURES  AMD  COMMERCE. 


The  Alkali  Trade,  Manufacture  of  Sulphuric  Acid,  Ac. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the  Manufacture 
of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder.  By  John  Lomas, 
Alkali  Manufacturer,  Newcastle-upon-Tyne  and  London.  With  232  Illostrations 
and  Working  Drawings,  and  containing  390  pages  of  Text.  Second  Edition, 
with  Additions.     Super-royal  8vo,  £l  lor.  cloth. 

"  This  book  is  written  by  a  manufacturer  for  manufacturers.    The  working  details  of  the  most  ap- 

|>roved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  a.^a  wood  engravings,  all 

of  which  may  be  used  for  the  purposes  of  construction.    Every  step  in  the  manufacture  is  very  fuUy 

•<le^cribed  m  this  manual,  and  each  improvement  explained.    Everyttung  which  tends  to  introduce 

economy  into  the  technical  details  of  this  trade  receives  the  vilest  attention? ' — Athtnemm, 

**  The  author  is  not  one  of  those  clever  compilers  who,  on  short  notice,  will '  read  up '  any  con- 
ceivable subject,  but  a  practical  man  in  the  best  sense  of  the  word.  We  find  here  not  merely  a  sound  and 
luminous  explanation  of  the  chemical  principles  of  the  trade,  but  a  notice  of  numerous  matters  which 
have  a  most  important  bearins  on  the  successful  conduct  of  alkali  works  but  which  are  generally  over- 
l>>oked  by  even  the  most  experienced  technological  authors." — Chemical  Revirut. 

Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert  Edwards 
Wright,  B.A.     Crown  8vo,  3J.  td.  cloth. 

"  This  little  volume,  conuining  such  a  large  amount  of  good  sense  in  so  small  a  compass,  ouffht  to 
recommend  itself  to  every  brewery  pupil,  and  many  who  have  passed  that  stage." — Brewer^  GnanUan, 

**The  book  is  very  clearly  wntten,  and  the  author  has  successfully  brought  his  scientific  knowledge 
Co  bear  upon  the  various  processes  and  details  of  .brewing." — Brewer. 

Commercial  Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANALYSIS; 
or.  Practical  Instructions  for  the  determination  of  the  Intrinsic  or  Commercial  Value 
of  Substances  used  in  Manufactures,  in  Trades,  and  in  the  Arts.  By  A.  Normandy, 
Editor  of  Rose's  "Treatise  on  Chemical  Analysis."  New  Edition,  to  a  great 
extent  re-written  by  Henry  M.  Noad,  Ph.D.,  F.R.S.  With  numerous  Illus- 
trations.    Crown  8vo,  I2s,  6d.  cloth, 

"  We  strongly  recommend  this  book  to  our  readers  as  a  guide,  alike  indispensable  to  the  housewife 
as  to  the  pharmaceutical  practitioner.'' — Medical  Time*. 

'*  Essential  to  the  analysu  appointed  under  the  new  Act.  The  most  recent  results  are  givea,  aadthc 
work  is  well  edited  and  carefully  written." — Nature. 
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Dye' Wares  and  Colours. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES :   Their  Pro- 
perties,  Apptkations,    Valuation,  Impurities^  and  Sophistications*     For  the  use  of 
Dyers,    Printers,  Drysalters,  Brokers,  &c.     By  J.  W.  Slater.     Second  Edition, 
Revised  and  greatly  Enlarged,  crown  8vo,  ^s,  6d,  cloth. 

*'  A  complete  eacyclopasdia  of  the  materia  tinctoria.  The  information  given  respecting:  each  article 
ii  ftill  and  precise,  and  the  methods  of  detennining  the  value  of  articles  such  as  these.  10  liable  to  sophis- 
tication, are  fdven  with  clearness,  and  are  praciicalas  well  as  valuable." — CMtmisi  and  Druggist.^ 

"There  is  no  other  work  which  covers  precisely  the  same  ground.  To  students  preparing  for 
examinations  in  dyeing  and  printing  it  will  prove  exceedingly  us«fuI."^CA#MMV«/  News, 

Pigments. 

THE  ARTISTS*  MANUAL  OF  PIGMENTS.  Showing  their  Com- 
position,  Conditions  of  Permanency,  Non- Permanency,  and  Adulterations  ;  Effects 
in  Combination  with  Each  Other  and  with  Vehicles  ;  and  the  most  Reliable  Tests 
of  Purity.  Together  with  the  Science  and  Arts  Department's  Examination  Ques- 
tions on  Painting.  By  H.  C.  Standagk.  Second  Edition,  Revised.  Small 
crown  8vo,  2x.  6d,  cloth.  [7**^^  published, 

**  This  work  is  indeed  muitum-it-parvCt  and  we  can,  writh  good  conscience,  recommend  it  to  all  who 
come  in  contact  with  pigments,  whether  as  makers,  dealers,  or  users." — Chemifol  Review. 

**  This  manual  cannot  fall  to  be  a  very  valuable  aid  to^  all  painters  who  wish  their  work  to  endure 
and  be  of  a  sound  character ;  it  is  complete  and  comprehensive."— vS'^«c/a/0r. 

*'The  author  supplies  a  great  deal  of  very  valuable  information  and  memoranda  as  to  the  chemical 
qualities  and  artistic  effect  of  the  principal  pigments  used  by  pointers.*' — BuiUer, 

Gauging .    Tables  and  Rules  for  Revenue  Officers,  Brewers,  Ac. 

A  POCKET  BOOK  OF  MENSURATION  AND  GAUGING:  Containing 
Tables,  Rules  and  Memoranda  for  Revenue  Officers,  Brewers,  Spirit  Merchants,  &c. 
By  J.  B.  Mant  (Inland  Revenue).    Oblong  i8mo,  4^.  leather,  with  elastic  band. 

\Just  published. 

"  This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Department, 
and  will  be  a  favourite  book  of  reference.  The  range  01  subjects  is  comprehensive,  and  the  arrangement 
simple  and  clt»r.*'^Civiliam. 

'*  A  most  useful  book.    It  should  be  in  the  h«nds  of  every  practical  brewer."— i?nnv#rr'  yaumal. 


AQRICULTURE,  FARMING,  QARDENINQ,  etc. 


Agricultural  Facts  and  Figures. 

NOTE'BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.  By  Prlmrose  McConnell, 
Fellow  of  the  Highland  and  Agricultural  Society  ;  late  Professor  of  Agriculture, 
Glasgow  Veterinary  College.  Third  Edition.  Royal  32mo,  full  roan,  gilt  edges, 
with  elastic  band,  4^. 
"  The  most  complete  and  comprehensive  Note-book  for  Farmers  and  Farm  Studenu  that  we  have 

seen.    It  literally  teems  with  information  and  we  can  cordially  recommend  it  to  ail  connected  with 

agriculture.*' — North  JBrittsh  Agricttiturist. 

Youatt  and  Burn's  Complete  Qrazier. 

THE  COMPLETE  GRAZIER,  AND  FARMER'S  AND  CATTLE- 
BREEDER'S  ASSISTANT.    A  Compendium  of  Husbandry  ;  especially  in  the 
departments  connected  with  the  Breeding,  Rearing,  Feeding,  and  General  Manage- 
ment of  Stock  ;  the  Management  of  the  Dairy,  &c    With  Directions  for  the  Culture 
and  Management  of  Grass  Land,  of  Grain  and  Root  Crops,  the  Arrangement  of 
Farm  Offices,  the  use  of  Implements  and  Machines,  and  on  Draining,  Irrigation, 
Warping,  &c.;  and  the  Application  and  Relative  Value  of  Manures.    By  William 
Youatt,  Esq.,  V.S.    Twelfth  Edition,  Enlarged  by  Robert  Scorr  Burn,  Author 
of  "Outlines  of  Modem    Farming,"   "Systematic  Small   Farming,'*  &c.     One 
large  8vo  Volume,  860  pp.,  with  244  Illustrations,  £1  is.  half-bound. 
"  The  sundard  and  tcictbook  with  the  farmer  and  graxier.*'— /^»ri»i*.'*'  Magazitu. 
"  A  treatise  which  will  remain  a  standard  work  on  the  subject  as  long  as  british   agriculture 
endures.»*—^«r*^««#£^x#nf*f  (First  Notice).  .    *      1     wi 

"The  book  deals  with  all  departments  of  agriculture,  and  contains  an  immense  amount  of  valuable 
information.  It  is,  in  fact,  an  encyclopedia  of  agriculture  put  into  readable  form,  and  it  is  the  only  work 
equally  comprehensive  brought  down  tDpr«Mnt  dale.  It  is  excellently  pnnted  on  thick  paper,  and  strongly 
bound,  and  deserves  a  place  m  ih^CM  of  every  agriculturist."-Af«*;*  L4ti«^*/w«  (Second  Nottcj). 
"This  esteemed  work  is  w«l|  SSSyof  a  place  in  the  Ubrmries  of  agricuUunsia."-Ar*rfA  British 
AgricultMritt.  **  ^ 
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Flour  Manufacture,  Killing,  etc, 

FLOUR  MANUFACTURE:  A  Treatise  on  MiUing  Science  and  Prac- 
tice. By  FaiBDRiCH  Kick,  Imperial  Regiemngsratii,  Professor  of  Merhanioal 
Technology  in  the  Imperial  German  Polytechnic  Institute,  Prague.  Translated 
from  the  Second  Enlarged  and  Revised  Edition  with  Supplement.  By  H.  H.  P. 
Powi^ES,  Assoc  Memb.  Institution  of  Civil  Engineers.  Nearly  400  pp.  Illustrated 
with  28  Folding  Plates,  and  167  Woodcuts.   Roy.  8vo,  25/.,  cloth.    \Jusi  publishti. 

•»•  Opinions  of  the  Priss. 

"  This  valuable  work  is,  and  will  remain,  the  standard  authority  on  the  science  of  nillins-    •    • 
Ibe  miller  who  hat  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a  successful 
career ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to  apply.    In  this 
handsome  volume  we  at  last  have  the  accepted  text-booV  of  modem  milling  in  good,  sound  F.ngHsh, 
which  has  little,  if  any,  trace  of  the  German  idiom." — Tlu  Milltr» 

"  Professor  Kick  treats  the  subject  so  thoroughly  bodi  on  its  theoretica]  and  practical  sides  that  his 
work  is  well  suited  to  be  a  text-book  of  technical  educatioQ  anywhere.  Mr.  H.  H.  P.  Powles's  admirable 
English  translation  will  therefore  be  welcome  to  milling  engineers  here.**— >SVtf4nw«i». 

"  The  appearance  of  this  celebrated  work  in  English  is  very  oppottune,  and  British  ssillers  will,  we 
are  sure,  not  oe  slow  in  availbg  themselves  of  iu  pages."— iffi/tfrv'  GaastU* 

Small  Farming. 

SYSTEMATIC  SMALL  FARMING s  or,  The  Lessons  of  my  Farm. 
Being  an  Introduction  to  Modem  Farm  Practice  for  Small  Fanners  in  the  Culture 
of  (Sou% ;  The  Feeding  of  Cattle ;  The  Management  of  the  Dairy,  Poultry  and 
Pigs  ;  The  Keeping  of  Farm  Work  Records  ;  The  Ensilage  System,  Construction 
of  Silos,  and  other  Farm  Buildings ;  The  Improvement  of  Neglected  Farms,  &c. 
By  Robert  Scott  Burn,  Author  of  *' Outlines  of  Landed  EsUtes'  Management," 
and  ''Outlines  of  Farm  Management,'*  and  Editor  of  ''The  Complete  Graaer." 
With  numerous  Illustrations,  crown  8vo»  ts.  cloth. 

"This  is  the  completest  book  of  its  class  we  have  seen,  and  one  which  every  amateur  farmer  wiD 
read  with  pleasure,  ana  accept  as  a  guide.** — Field. 

"  Mr.  Scott  Bum's  pages  are  severely  practical,  and  the  tone  of  the  iMactical  man  is  felt  through- 
out. The  book  can  only  prove  a  treasure  of  aid  and  suggestion  to  the  small  farmer  of  intelligence  and 
energy."— ^rf/iiA  Qwtrterfy  Rtvirm, 

"  The  volume  contains  a  vast  amount  of  useful  information.  No  branch  of  fisrming  is  left  untouched* 
from  the  labour  to  be  done  to  the  results  achieved.  It  may  be  safely  recommended  to  aU  who  think  they 
will  be  in  paradise  when  they  buy  or  rent  a  ihree-acre  farm."— ^^Sa^cvw  Herald, 

modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burn.  Soils, 
Manures,  and  Crops — Farming  and  Farming  Economy — Cattle,  Sheep,  and  Horses — 
Management  of  Dairy,  Pigs,  and  Poultry— Utilization  of  Town-Sewaee,  Irrigation, 
etc.    Sixth  Edition.     In  one  vol.,  1,250  pp.,  half-bound,  profusely  IlTustrated,  12;. 

"  The  aim  of  the  author  has  been  to  make  hu  work  at  once  comprehensive  and  trustworthy,  and  in 
this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  enaat,**^if0rninf  AtiptrHser, 

"  Eminently  calculated  to  enughten  the  agricultural  community  on  the  varied  subjectt  of  wbifh  it 
treats,  and  hence  it  should  find  a  place  in  every  farmer's  library."--Cx/^  Press. 

**  No  farmer  should  be  without  this  \Mck.,**—Banlmrr  GtutnliaH. 

Agricultural  Engineering. 

FARM  ENGINEERING,  The  CompleU  Text-Book  of.  Comprising 
Draining  and  Embanking  ;  Irrigation  and  Water  Supply ;  Farm  Roads,  Fences 
and  Gates ;  Farm  Buildings,  their  Arrangement  and  Construction,  with  Plans  and 
Estimates ;  Bam  Implements  and  Machines  ;  Field  Implements  and  Machines ; 
Agricultural  Surveying,  Levelling,  &c.  By  Professor  John  Scott,  Editor  of  the 
'*  Farmers*  Gazette,"  late  Professor  of  Agriculture  and  Rural  Economy  at  the  Royal 
Agricultural  College,  Cirencester,  &c  &c.  In  one  vol.,  1,150  pages,  half-bound, 
with  over  600  Illustrations,  I2J. 

"Written  with  great  care,  as  well  as  with  knowledge  and  ability.  The  author  has  done  his  work 
well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  statements.  The  volume 
will  be  of  great  value  to  agricultural  students.*-  -Mmrk  Lane  Express. 

**  For  a  young  agricuf ' — ' * ' -'  ^      *         .... 

BeWt  Weekhf  Messenfer 


For  a  young  agriculturist  we  know  of  no  handy  volume  hkely  to  he  more  usefully  studied."— 
Mis 


English  Agriculture. 

THE  FIELDS  OF  GREAT  BRITAIN:  A  Text-Book  of  Agriculture. 
Adapted  to  the  Syllabus  of  the  Science  and  Art  Department.  For  Elementary  and 
Advanced  Students.    By  Hugh  Clements  (Board  of  Trade).    i8mo,  2j.  6d.  cloth. 

A  most  com|>reheosive  volume,  giving  a  mass  of  information.'* — Agriculhtral  Ecem»mist. 

It  is  a  Ions  time  since  we  have  >ecn  a  book  which  ha     *        *  "  '    

vast  and  useful  fund  of  knowledge:"— iTi/Mro/iMia/  Timus. 


"  It  is  a  Ions  time  since  we  have  >ecn  a  book  which  has  pleased  us  more,  w  which  contains  sndi  a 
'  '  fill 


AGRICULTURE,  FARMING,  GARDENING,  6r'c.  37 


Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  AND  ESTATE    OWNERS, 
A  Practical  Treatise,  presenting,  in  Three  Plans,  a  System  adapted  to  all  Classes  of 
Farms.  By  Johnson  M.  Woodman,  Chartered  Accountant  Cr.  8vo.  3/.  6d,  cloth. 

"  Th«  Yolome  tt  a  capital  ttudy  of  a  most  importaat  subject.*' — Agricultural  Gtuettt. 

"Will be  found  of  great  assbtaaoe  by  those  who  intend  to  commence  a  system  of  book-keeping,  the 
author's  examples  being  clear  and  explicit,  and  his  explanations,  while  full  and  accurate,  being  to  a 
large  extent  free  from  technicalities."— ^mr  Stock  Journml, 

*'The  young  fisrmer,  land  agent,  and  turreyor  will  find  Mr.  Woodman's  treatise  more  than  repay 
its  cost  and  stuoy."— ^M'Arf^  Ntw*, 

Farm  Aooount  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving  a 
Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expenditure 
onder  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With  Valuation, 
Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the  Year,  and  an  Ap- 
pendix of  Forms.  Ruled  and  Headed  for  Entering  a  Complete  Record  of  the  Farm- 
ing Operations.  By  Johnson  M.  Woodman,  Chartered  Accountant,  Author 
of  "  Book-keeping  for  Farmers."  Folio,  yj.  6^.  half-bound. 
'*  Contains  every  requisite  form  for  keeping  &rm  accounu  readily  and  accurately.'*— ^/^ftrnf/ZatnT. 

far/y  Fruits,  Flowers  and  Vegetables. 

THE  FORCING-GARDEN;  or,  How  to  Grow  Early  Fruits,  Flowers,  and 
Vegetables.  With  Plans  and  Estimates  for  Building  Glasshouses,  Pits  and  Frames. 
Containing  also  Original  Plans  for  Double  Glaxing,  a  New  Method  of  Growing  the 
Gooseberry  under  Glass,  &&  &c.,  and  on  Ventilation,  Protecting  Vine  Borders,  &c. 
With  Illustrations.    By  Samuel  Wood.    Crown  8vo,  y,  6d,  cloth. 


"  A  good  bode,  and  fairly  fills  a  place  that  was  in  some  denree  vacant.  The  book  is  written  with 
great  care,  and  contains  a  great  deal  of  valuable  teaching,*'— (7«n«rM/rr*  Magazint. 

"  Mr.  Wood's  book  is  an  cniginal  and  exhaustive  answer  to  the  question, '  How  to  Grow  Early 
Fruits,  Flowers  and  Vegetables?'^'— Xmi^ mm/ lf^«/rr. 

Qood  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING;  or.  How  to  Grow 
Vegetables,  Fruits,  and  Flowers.  With  Practical  Notes  on  Soils,  Manures,  Seeds, 
Planting,  Laying-out  of  Gardens  and  Grounds,  &c.  By  S.  Wood.  Third  Edition, 
with  considerable  Additions,  &c,  and  numerous  Illustrations.  Crown  8vo,  5^.  cloth. 
*'  A  very  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.  The  practical  direc* 
tioos  are  excellent."— ^IIAmummi. 

"  May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for  the  plain,  simple, 
4Um1  trustworthy  information  it  gives  on  common  matters  too  ofteii  neglected."— (Tard^rM^rr*  ChromcU, 

Qainful  Gardening, 

MULTUM-INPARVO  GARDENINGS  or,  How  to  make  One  Acre  of 
Land  produce  ;f  620  a-year,  by  the  Cultivation  of  Fruits  and  Vegetables  ;  also.  How 
to  Grow  Flowers  in  Three  Glass  Housest  so  as  to  realise  ;f  176  per  annum  clear  Pro- 
fit. By  Samubl  Wood,  Author  of  "  Good  Gardening,''  &c  Fourth  and  Cheaper 
Edition,  revised,  with  Additions.  Crown  8vo,  is,  sewed. 
*'  We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's  gar- 
deners but  to  the  market  grower."— ^nilMMrr'  MagoMOu. 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM^INPARVO  FLOWER  GARDEN,  and 
Arnatmr^  Comfiitt  Gmde.    With  Illusts.    By  S.  Wood.    Cr.  8vo,  y.  6d,  cloth. 

*«  This  volume  contains  a  good  deal  of  sound,  oommoii-aense  instruction."- /^/Smx/. 

"  Full  of  shrewd  hints  and  usefiil  iastructioas,  based  on  a  lifetime  of  experience."— kfcff/fMajs. 

Jteoeipts  for  Gardeners. 

GARDEN  RECEIPTS.    Edited  by  Charles  W.  Quin.    i2ino,  ix.  6d. 

cloth  limp. 
"  A  useful  and  handy  boolt,  eontaining  a  good  deal  of  valnable  infomation.'*— i</A«««KMi. 

Kitohen  Gardening. 

THE  KITCHEN  AND  MARKET  GARDEN    By  Contributors  to 
«The  Garden."    Compiled  by  C.  W.  Shaw,  Editor  of  "Gardening  Illustrated." 
i2mo,  3j.  td,  cloth  boards. 
"  The  most  valuable  compendium  of  kitchen  and  market-gardca  work  published.*'- F«/wr/r. 

Cottage  Gardening. 

COTTAGE  GARDENING;  ot^  Flowers,  Fruits,  and  Vegitables  for 
Small  Gardens,     By  £.  HqbDAY.     I2mo,  is.  6d.  cloth  limp. 
"  Contains  much  useful  iaform^i^  at  a  small  charge.'*'^^*^cv*'  Hirald* 
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ESTATE  HANAQEMENT,  AUCTIONEERING,  LAW,  etc. 


Hudson's  Land  Valuer's  Pochet-Book. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  Beinfr  Tables  on  a 
very  much  improved  Plan,  for  Calcolating  the  Value  of  Estates.  With  Tables  for 
deducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute  Measure,  &c. 
By  R.  Hudson,  C.£.     New  Edition.    Rojnal  32mo,  leather,  elastic  band,  4r. 


"  Thit  new  edition  includes  tables  for  ascertaining  the  value  of  leases  for  any  tenn  of  years;  and 
for  showing  how  to  lay  out  plots  of  ground  of  certain  acres  in  forms,  square,  roupd,  &c.,  with  valuable 
rules  for  ascertaining  the  probable  worth  of  standing  timber  to  any  amount ;  and  is  of  incalculable  value 
to  the  country  gentleman  and  professional  man." — Farmtrs*  JourMal. 

Ewart's  Land  Improver's  Pochet-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FORMULMy 
TABLES,  and  MEMORANDA  required  in  any  Computation  relating  to  the  Per- 
manent  Improvement  of  Landed  Property,  By  John  Ewart,  Land  Surveyor  and 
Agricultursd  Engineer.  Second  Edition,  Revised.  Royal  32mo,  oblong,  leather, 
gilt  edges,  with  elastic  band,  \s, 

"A  compendious  and  handy  little  volume." — Spectaior, 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COMPLETE 
POCKET-BOOK,  Consisting  of  the  above  Two  Works  bound  together.  Leather, 
gilt  edges,  with  strap,  yx.  6d, 

**  Hudson's  book  is  the  best  ready-reckoner  on  matters  relating  to  the  valuation  of  land  and  crops, 
and  its  combination  with  Mr.  Ewart's  work  greatly  enhances  the  value  and  usefulness  of  the  latter- 
mentioned It  is  most  useful  as  a  manual  for  reference."— ^Vi^r/A  of  EngloMd  Fumur, 

Auctioneer's  Assistant 

THE  APPRAISER,  AUCTIONEER,  BROKER,  HOUSE  AND 
ESTATE  AGENT  AND  VALUER'S  POCKET  ASSISTANT,  for  the 
Valuation  for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally ;  with  Prices  for  Inventories,  &c  By  John  Wheeler, 
Valuer,  &c.  Fifth  Edition,  Re- written  and  greatly  Extended  by  C.  NoRRis,  Sur- 
veyor, Valuer,  &c.     Royal  32mo,  $s,  cloth. 

"A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arrani^ed  list  of  prices 
for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  &c." — Stamdard. 

**  Contains  a  large  quantity  of  varied  and  useful  informatien  as  to  the  valuation  for  purchase,  sale,  oar 
renewal  of  leases,  annuities  and  reversions,  and  of  )property  generally,  with  prices  for  inventories,  and  a 
guide  to  determine  the  value  of  interior  fittings  and  other  effects." — Builder. 

Auctioneering. 

AUCTIONEERS:  Tkeir  Duties  ami  Liabilities,    By  Robert  Squibbs, 
Auctioneer.     Demy  8vo,  lor.  (td,  cloth. 

The  position  and  duties  of  auctioneers  treated  compendionsly  and  dLwiyJ^-^Buildtr, 

Every  auctioneer  ought  to  possess  a  copy  of  this  excellent  yrvAiJ^^IroMmMtgtr, 

Of  great  value  to  the  profession.    .    .    .    Wereadily  welcome  this  book  from  the  fact  that  it  treats 
the  subjevt  in  a  manner  somewhat  new  to  the  profession."— £.f/a//«  Gazttte, 

Legal  Guide  for  Pawnbrokers. 

THE  PAWNBROKERS',  FACTORS*  AND  MERCHANTS' 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES,  With  the 
Sututes  and  a  Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and  Criminal,  as  to 
Loans  and  Pledges  of  Goods,  Debentures,  Mercantile  and  other  Securities.  By 
H.  C.  FOLKARD,  Esq.,  Barrister-at-Law,  Author  of  "The  Law  of  Slander  and 
Libel,"  &c.     With  Additions  and  Corrections  to  1876.     Fcap,  8vo,  jj.  6</.  cloth. 

'*This  work  contains  simply  everything  that  reouires  to  be  known  concerning  the  department  of 
the  law  of  which  it  treats.    We  can  safely  commend  the  book  as  unique  and  very  nearly  perfect."— /nnc. 

"The  task  undertaken  by  Mr.  Folkard  has  been  very  satisfactorily  performed.  ....  Such 
explanations  as  are  need  ul  have  been  supplied  with  great  clearue>s  and  with  due  regard  to  brevity."— 
City  Pffss, 


« 
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How  to  Invest 

HINTS  FOR  INVESTORS:  Being  an  Explanation  of  the  Mode  of 
Transacting  Business  on  the  Stock  Exchange.  To  which  are  added  Comments  on 
the  Fluctuations  and  Table  of  Quarterly  Average  prices  of  Consols  since  1759. 
Also  a  Copy  of  the  London  Daily  Stock  and  Share  List.  By  Walter  M.  Plav- 
FORD,  Sworn  Broker.  Crown  8vo,  2s.  cloth. 
"  Aa  invaluable  guide  to  invetton  and  tpeculaton."— i7«/iiM/r/. 

Metropolitan  Rating  Appeals. 

REPORTS  OF  APPEALS  HEARD  BEFORE  THE  COURT  OF 

GENERAL  ASSESSMENT  SESSIONS,  from  the  Year  1871  to  1885.     By 

Edward  Ryde  and  Arthur  Lyon  Rydb.    Fourth  Ediiion,  brought  down  to 

the  Present  Date,  with  an  Introduction  to  the  Valuation  (Metropolis)  Act,  1869, 

and  an  Appendix  by  Walter  C.  Ryde,  of  the  Inner  Temple,  Barrister-at-Law* 

8vo,  16/.  cloth. 

'*  A  useful  work,  occupying  a  place  mid-way  between  a  handbook  for  a  lawyer  and  a  guide  to  the 
surveyor.  It  is  compiled  oy  a  gentleman  eminent  in  hb  profession  as  a  land  agent,  whose  specialty,  it  is> 
acknowledged,  lies  in  the  direction  of  assessing  property  for  rating  purpoKes.**— ^Mf  Agent f  Record* 

House  Property, 

HANDBOOK  OF  HOUSE  PROPERTY:  A  Popular  afid  Practical 
Cuidt  to  the  Purckase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of  Houses  and 
Land,  including  the  Law  of  Dilapidations  and  Fixtures :  with  Examples  of  all 
kinds  of  Valuations,  Useful  Information  on  Building  and  SuggestiTC  Elucidations 
of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and  Surveyor.  Fourth  Edition,. 
Enlarged.    i2mo,  5^.  cloth. 

"The  advice  is  thoroughly  practical.**— Zaw  y&urmai, 

"This  is  a  well-written  and  thoughtful  work.  We  commend  the  work  to  the  careful  study  of  aU 
interested  in  questions  affecting  houses  and  land."— Z.««u/  Aients*  Record, 

"  Carefully  brooght  up  to  date,  and  much  improved  by  the  addition  of  a  division  on  fine  art " — 
Land  Agenti  RecenL 

lnwood'8  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES.  Freeholil^ 
Copyhold,  or  Leasehold ;  Annuities ^  Adwrwsons,  ^c,  and  for  the  Renewing  of 
Leises  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies,  for 
Terms  of  Years  certain,  and  for  Lives  ;  also  for  Valuing  Reversionary  Estates,  De- 
ferred Annuities,  Next  Presentations,  &c.  ;  together  with  Smart's  Five  Tables  of 
Compound  Interest,  and  an  Extension  of  the  same  to  Lower  and  Intermediate 
Rates.  By  W.  INWOOD.  22nd  Edition,  with  considerable  Additions,  and  new  and 
valoable  Tables  of  Logarithms  for  the  more  Difficult  Computations  of  the  Interest 
of  Money,  Discount,  Annuities,  &c,  by  M.  Fedor  Thoman,  of  the  Societe  Credit 
Mobilier  of  Paris.     i2mo,  St,  cloth. 

*' Those  interested  in  the  purchase  and  sale  of  estates,  and  in  the  adjustment  of  compensation  cases, 
as  well  as  in  transactions  in  annuities,  life  insurances,  &c.,  will  find  the  present  edition  of  eminent 
service.**— ^*^>MifWV. 

" '  Inwood's  Tables '  still  maintain  a  most  enviable  reputation.  The  new  issue  has  been  enriched  by 
kurge  additional  contributions  by  M.  Ftfdor  Thoman,  whose  carefully  arranged  Tables  cannot  £sil  to  b^ 
of  the  utmost  utility." — Mining  yonmal, 

Agrloultural  and  Tenant-Right  Valuation. 

THE  AGRICULTURAL  AND  TENANT  -  RIGHT  •  VALUER'S 
ASSISTANT,  A  Practical  Handbook  on  Measuring  and  Estimating  the  Contents, 
Weights  and  Values  of  Agricultural  Produce  and  Timber,  the  Values  of  Estates 
and  Agricultural  Labour,  Forms  of  Tenant-Right- Valuations*,  Scales  of  Compensa- 
tion under  the  Agricultural  Holdiiigs  Act,  1883,  &c.  &c.  By  ToM  Bright, 
Agricultural  Surveyor,  Author  of  "  The  Live  Stock  of  North  Devon,"  &c.  Crown 
8vo,  y.  6d,  cloth.  [^ust  published, 

*'  Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour,  con- 
tents and  weights  of  timber^  and  farm  produce  of  all  Idnds.  The  book  is  well  calculated  to  asaist  the 
valuer  in  the  discharge  of  his  duty.**— yf/rrVw/^wm/  Gautte, 

*'  An  eminently  practical  handbook,  ftiU  of  practical  tables  and  data  of  uadonbtnd  intenst  and  value 
to  surveyors  and  auctioneers  in  preparing  ^UMtions  of  all  kinds."— /^ariw#r. 

"  Shows  at  a  glance  the  valu«  ^f  Innd,  crops,  and  the  cost  of  seeding,  harvesting,  ftc.  Ac.  It  is  a 
really  practical  and  useful  handboQi^  for  which  we  ^'^laC^^'^zzyerfla.T^^  nl9."^RemJing  Mercmry, 
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A  Complete  Epitome  of  the  Laws  of  this  Country. 

EVERY  MAN'S  OWN  LAWYER:  A  Handy^Book  of  the  PrindpUs 
of  Law  and  Equity,  By  A  Barrister.  Twenty-fifth  Edition.  Reconstnicted, 
Tbomughly  Revised,  and  Much  Enlarged.  Brought  down  to  the  end  of  last  Session, 
and  including  careful  digests  of  Coroners  Act^  1087 ;  Probation  of  First  Offenders 
Act,  1887  ;  Margarine  Ad,  1887  ;  Agricultural  Holdings  {England)  Act,  1883 ; 
Cottage  Gardens  {Compensation  for  Crops)  Act,  1887;  Bankruptcy  Act,  1883; 
Allotments  Act,  1887 ;  Merchandise  Trade  Marks  Act,  1887 ;  Truck  Amendment 
Act,  1887 ;  IVater  Companies  {Regulation  of  Powers)  Act,  1887  ;  Registration  of 
Deeds  of  Arrangements  Act,  1887.  Crown  8vo,  684  pp.,  price  dr.  8^.  (saved  at 
every  consultation  ! ),  strongly  bound  in  cloth.  \yust  published. 

*«*  The  Book  will  be  found  to  comprise  (amongst  other  matter)— 

Rights  and  Wkongs  op  Individuals — Mbrcantilb  and  Commkrcial  Law— Paktmbsships— 

CONTSACTS    AND    AGSBBMBMTS— GuARANTIBS^PrINCIPALS  AND  AGBNTS — CRIMINAL   LaW— PaRISH 

Law — County  Court  Law — Gamb  and  Fishbry  Laws— Poor  Mbn's  Lawsuits— Laws  of  Bank- 
ruptcy—Wagbrs— Cheques,  Bills,  and  Notbs— Copyright— Elections  and  Rbgistsation— 
Insurance— Libel  and  Slander— Marriage  and  Divorce— Mbbchant  Shipping — Mortgages — 
Sbttlbmbnts — Stock  Exchange  Practicb— Trade  Marks  and  Patents — Trespass- Nuisances 
— Transpbr  op  Land— Wills,  ftc.  Ac.  Also  Law  for  Landlord  and  Tenant— Master  and 
Servant — Heirs — Devisebs  and  Legatees — Husband  and  Wipe — Executors  and  Trustees — 

CUARDIAN    AND  WaRD— MaRRIBD    WoMBN    AND    InPANTS — LeNDBR,   BORROWER,   AND    SURETIES — 

Debtor  and  Creditor— Pubchaser  and  Vendor— Companies-Friendly  Socibtibs— Clbrgv- 
jiBN— Churchwardens — Medical  Practitionbbs—Bankbbs— Farmers — Contractors — Stock 
Brokers — Sportsmen  —  Gamekeepers  —  Farriers  —  Horse  Dbalbrs — Auctiombbrs  —  House 
Agents — Innkebpbrs-Bakbbs-Millbrs— Pawnbrokers— Survbyobs— Railways  and  Carriers 
— Constables — Sbambn— Soldiers,  etc.  etc. 

^SF  'Phe  following  subjects  may  be  mentioned  as  some  of  those  which  have  received 
special  attention  during  the  present  revision: — Marriage  of  British  Subjects  Abroad; 
rolice  Constables ;  Pawnbrokers  ;  Intoxicating  Liquors  Licensing  ;  Domestic  Servants ; 
Landlord  and  Tenant ;  Vendors  and  Purchasers  ;  Parliamentary  Elections  ;  Municipal 
Elections;  Local  Elections;  Corrupt  Practices  at  all  Elections;  Public  Health  and 
Local  Government  and  Nuisances ;  Highways;  Churchwardens;  Vestry  Meetings ;  Rates. 

It  is  believed  that  the  extensions  and  amplifications  of  Uie  present  edition,  while 
intended  to  meet  the  requirements  of  the  ordinary  Englishman,  will  also  have  the  effect 
of  rendering  the  book  useful  to  the  legal  practitioner  in  the  country. 

One  result  of  the  reconstruction  and  revision,  with  the  extensive  additions  thereby 
necessitated,  has  been  the  enlargement  of  the  book  by  nearly  a  hundred  and  fifty  pages, 
-while  the  price  remains  as  before. 

The  rUBLlSHERS  feel  every  confidence,  therefore,  that  this  standard  work  will  con- 
tinue to  be  regarded,  as  hitherto,  as  an  absolute  necessity  for  every  Man  OP  BusiNRSS 

Ji&  WELL  AS  EVBRY  HrAD  OF  A  FAMILY. 

•»•  Opinions  of  the  Press. 

**  It  is  a  conuplete  code  of  English  Lsw  written  in  plain  language,  which  all  can  understand.    .    .    . 
Should  be  in  die  hands  of  every  business  man,  and  all  who  wish  to  aboUsh  lawyers'  bills." — JVmJUy  Times* 

*'  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  care.'*— Zjnv  Magamu, 
'*  A  concise,  cheap,  and  complete  epitome  of  the  English  law.    So  {dainty  written  that  he  who  nins 
may  read,  and  he  who  reads  may  undentand.'' — Figaro. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one.*' — Spectator. 

*'  A  work  which  has  long  been  wanted,  which  is  thoroughly  weU  done,  and  which  we  most  cordially 
Teconunend." — Sunday  Times, 

"  The  latest  edition  of  this  popular  book  ought  to  be  in  every  business  establishment,  and  on  every 
iibiary  tMLtr-^AeJUld  Pest. 

Private  Bill  Legislation  and  Provisional  Orders. 

HANDBOOK  FOR  THE  USE  OF  SOLICITORS  AND  ENGINEERS 
Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provisional  Orders,  for  the 
authorization  of  Railways,  Tramways,  Works  for  the  Supply  of  Gas  and  Water,  and 
other  undertakings  of  a  like  character.  By  L.  Livingston  Macassey,  of  the 
Middle  Temple>  Barrister>at-Law,  and  Member  of  the  Institution  of  Civil  Engineers  ; 
Author  of  "  Hints  on  Water  Supply."    Demy  8vo,  950  pp.,  price  255.,  cloth. 

\yu5t  published. 

*'  The  volume  is  a  desideratum  on  a  subject  which  can  be  only^  acquired  by  practical  experience, 
and  the  order  of  procedure  in  Private  Bill  Legislation  and  Pmvisional  Orders  is  followed.  The 
author's  suggettions  and  notes  will  be  found  of  great  value  to  engineers  and  others  profesaonally 
•engaged  in  this  class  of  practice.'*  —Building  New%. 

'*  The  author's  double  experience  as  an  en^eer^  and  barrister  has  eminently  qualified  him  for 
the  task,  and  enabled  him  to  approach  the  subject  alike  from  an  engineering  and  legal  point  of  view. 
The  volume  will  be  found  a  ^at  help  both  to  engineers  and  lawyers  engaged  in  promoting  Private 
Acts  of  Parliament  and  Provisional  Orders.  "->£«ca/  Gevemment  Ckrvnick. 


Meale'B  UxiiJimtntar^  g>cnes, 

Joniiim,  1862, 
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ilJJ  WuannladloIliePDbliihRior 

"WE  ALB'S    SERIES." 


A    NEW    LIST    OF 

WEALE'S   SERIES 

OF 

RUDIMENTARY  SCIENTIFIC  WORKS. 


•r  "  WEALE'S  SERIES  indades  TcKt-Books  on  almost  evrry  branch  of  Science 
•nd  Industry,  comprising  such  subjecti  as  Agricnlture,  Architecture  and  Building,  Civil 
Eng^ineering,  Fine  Arts,  Mechanics  and  Meclunical  Engineering,  Physical  and  Chemical 
Science,  and  many  miscetlaneous  Treatises.  The  whole  are  constantly  undei][oing  It^ ' 
sion,  and  new  editions,  brought  up  to  the  latest  discoveries  in  scientific  research,  a 
constantly  issued.  The  prices  at  which  they  are  sold  are  as  low  as  their  excellence 
assured,"— ^wfnVon  Literary  Gautti. 

"  Amongst  the  literature  of  technical  education,  Weale's  Series  has  ever  enjoyed 
a  hich  reputation,  ind  the  additions  being  nude  by  Messrs.  Crosby  Lockwood  &  Co. 
render  the  series  c»en  more  complete,  and  bring  the  information  upon  the  several  subjcctt 
down  to  the  present  iMae'' —Mining  youmat. 

"  Any  persons  wishin?  to  acquire  knowledge  cannot  do  better  than  look  through 
Wkale's  Sehies  and  get  aU  the  books  they  require.  The  Seriet  is  indeed  an  ineihaus- 
tihle  mine  o(  literary  wealth.'' — Tie  MctropeHlan, 

"  Wbale's  Series  has  become  a  standard  as  well  as  an  ttnrivalled  collection  of 
treatises  in  all  branches  of  ait  and  science." — rui/ic  Opinim. 

"The  excellence  of  Wealb's  Series  is  now  so  well  appreciated  that  it  would  be 
wasting  our  space  lo  enlarge  upon  their  general  usefiilness  and  value." — Builder. 

"  It  is  not  too  much  lo  say  that  no  books  have  ever  proved  more  popular  with  or 
more  uteTul  to  young  engineers  and  others  than  the  excellent  treatises  comprised  in 
Weale's  Series," — Engiiuer, 

"  A  standard  and  popntar  collection  of  treatises  in  all  branches  of  science  and  art 
written  by  practical  men.  — /rtm  and  Ceai  Trades  Jfevieto.  ' 

"  A  collection  of  technical  manuals  which  is  unrivafted."—  (yeeify  Ditpalth. 


^liUatielphta,  1876, 

TH  E      PRIZE      MEDAL 

Wm  annlH]  to  iha  Publiihcn  for 

Books  :    Rudimentary  Scientific, 

"WEALB'S  SERIES,"  Ac. 


CROSBY    LOCKWOOD    &    SON, 

7,  STATIONERS'  HA.LL  COURT,  LUDGATE  HILL,  LONDON,  E.C. 
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WEALE'S  BUDiMENTABY  SCIENTIFIC  SERIES. 

*«*  The  volumes  of  this  Series  are  freely  Illustrated  with  Wood- 
cuts, or  otherwise,  where  requisite.  Throughout  the  following  List  it  must 
be  understood  that  the  books  are  bound  in  limp  cloth,  unless  otherwise 
stated ;  but  the  volumes  marked  with  a  X  ^>^y  ^^  ^  ^^  strongly  hound 
in  cloth  hoards  for  6d.  extra. 

N.B, — In  ordering  from  this  List  it  is  recommended^  as  a  means  cf 
facilitating  business  and  obviating  error ^  to  quote  the  numbers  affixed  to  thi 
volumes t  as  well  as  the  titles  and  prices. 


CIVIL    ENGINEERING,    etc. 

31.  WELLS  AND  WELL-SINKING.  By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  G.  R.  Burnell,  C.E.  Revised  Edition.  With  a  New 
Appendix  on  the  Qualities  of  Water.    Illustiated 2/0 

"  Solid  practical  information,  written  in  a  condse  and  lucid  style.    The  work  can  be  recommended 
ab  a  text-book  for  all  surveyors,  architects,  &c.'' — Iron  and  Coal  Trade*  Review. 

35.  THE    BLASTING    AND    QUARRYING    OF    STONE, 

for  Building  and  other  Purposes.  With  Remarks  on  the  Blowing  up  of 
Bddges.    ByGen.  SirJ.  BaRGOYNB,  K.C.B 1/6 

43.  TUBULAR  AND  OTHER  IRON  GIRDER  BRIDGES, 

describing  the  Britannia  and  Conway  Tubular  Bridges.  With  a  Sketch  of 
Iron  Bridges,  &c.     By  G.  Drysdale  Dempsey,  C.E.    Fourth  Edition        .  3/0 

44.  FOUNDATIONS  AND  CONCRETE  WORKS.  With  Prac- 

tical Remarks  on  Footings,  Planking,  Sand.  Concrete,  Bdton,  Pile-driving, 
Caissons,  and  Cofferdams.    By  E.  Dobson,  M.R.I.B.A.    Sixth  Edition .        .  1/6 

60.  LAND    AND    ENGINEERING    SURVEYING.        For 

Students  and  Practical  Use.  By  T.  Baker,  C.E.  Fourteenth  Edition, 
revised  and  corrected  by  J.  R.  Young,  formerly  Professor  of  Mathematics, 
Belfast  College.     Illustrated  with  Plates  and  Diagrams    .        [Just published  a/o* 

^o\  EMBANKING  LANDS  FROM  THE  SEA.  With  Examples 

and  Particulars  of  actual  Embankments.  &c.    By  John  Wiggins.  F.G.S.     .  2/0 

81.    WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.    With 

a  Description  of  the  Principal  Geological  Formations  of  England  as  influencing 
Supplies  of  Water ;  and  Details  of  Engines  and  Pumping  Machinery  for 
raising  Water.    By  Samuel  Hughes.  F.G.S.,  C.E.    Enlarged  Edition  .        .  4/ot 

*'  Eveiy  one  who  is  debating  how  his  village,  town,  or  ciiy  shall  be  plentifully  supplied  with  pure 
water  should  read  this  hook,**-~/v<twca*tle  Courant. 

J 17.   SUBTERRANEOUS    SURVEYING.     By  Thomas  Fen- 

WICK.  Also  the  Method  of  Conducting  Subterraneous  Surveys  without  the  use 

of  the  Magnetic  Needle,  and  other  modem  Improvements.  By  T.  Baker.  C.E.  2/6X 

„8.   CIVIL  ENGINEERING   IN  NORTH  AMERICA,  A 

Sketch  of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.     .  3/0 

,67   A  TREATISE  ON  THE  APPLICATION  OF  IRON  TO 

THE  CONSTRUCTION  OP  BRIDGES,  ROOFS,  AND  OTHER 
WORKS.    By  Francis  Campin,  C.E.    Second  Edition       ....  2/6J 

"  For  numbers  of  young  engineers  the  book  is  just  the  cheap,  handy,  first  guide  they  want" — 
MiddUshorough  Weekly  News.    ^*  Remarkably  accurate  and  well  wntten."— /4r/fcai«. 

^^,  ROADS  AND  STREETS  (THE  CONSTRUCTION  OF\ 
in  Two  Parts :  I.  The  Art  op  Constructing  Common  Roads,  by  H. 
Law,  C.E.,  Revised  by  D.  Kinnbar  Clark,  C.E.;  II.  Recent  Practice; 
Including  Pavements  of  Stone.  Wood,  and  Asphalte.     By  D.  K.  Clark,  C.E.  4/6X 

'*  A  book  which  every  borough  surveyor  and  engineer  must  possess,  and  which  will  be  of  considerable 
service  to  architects,  builders,  and  property  owners  ^fiSkKnXiy.'^— Building  News. 

^o-^.  SANITARY    WORK    IN   THE    SMALLER    TOWNS 

AND  IN  VILLAGES.  By  Charles  Slagg,  Assoc.  M.  Inst.  C.E.  Second 
Edition,  enlarged 3/ot 

"  This  is  a  very  useful  book     There  is  a  great  deal  of  work  required  to  be  done  in  the  smaller  towns 
and  villages,  and  this  little  volume  will  help  those  who  are  willing  10  do  iL** — Builder. 

Thi  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Civil  Engineering,  etc.,  continued. 

212.  THE  CONSTRUCTION  OF  GAS  WORKS,  and  the  Manu- 

facture and  Distribution  of  Coal  Gas.    By  S.  Hughes,  C.E.     Re-written  by 
William  Richards,  C.E.    Seventh  Edition,  with  important  Additions       .  5/6 1 
"The  work  is  exhaustive  in  its  character,  and  therefore  will  be  found  of  in&oite  service  alike  to 
manufacturers,  distributors,  and  consumers  of  the  article.'* — Fortman  Engineer, 

213.  PIONEER  ENGINEERING:  A  Treatise  on  the  Engineering 

Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Countries. 
By  Edward  Dobson,  A.I.  CE.    With  numerous  Plates.    Second  Edition  .  4/6X 
**  Mr.^  dobson  is  familiar  with  the  difficulties  which  have  to  be  overcome  in  this  class  of  work»  and 
much  of  his  advice  will  be  valuable  to  young  engineers  proceeding  to  our  colonies." — Engineering- 

ai6.  MATERIALS  AND    CONSTRUCTION:    A  Theoretical 

and  Practical  Treatise  on  the  Strains.  Designing,  and  Erection  of  Works  of 
Construction.    By  Francis  Campin,  C.E.  Second  Edition,  carefully  revised,  q/ot 
'*  No  better  exposition  of  the  practical  application  of  the  principles  of  construction  has  yet  been 
published  to  our  knowledge  in  sudi  a  cheap  comprehensive  form. ' — Building  Newt, 

219.  CIVIL  ENGINEERING.  By  Henry  Law,  M.  Inst.  C.E. 
Including  a  Treatise  on  Hydraulic  Engineering  by  G.  R.  Burnell, 
M.I.C.E.  Seventh  Edition,  revised,  with  Large  Additions  on  Recent 
Practice  by  D.  Kinnear  Clark,  M.  Inst.  CE.    6;.  6d,,  cloth  boards      .  7/6 

"  An  admirable  volume,  which  we  warmly  recommend  to  young  engineers.'* — BttiUer. 

**  Doe  of  the  best  rudimentary  mannah  of  engineering  in  existence."— vSc^/MMff. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  Their  Con- 
struction and  Erection.    By  Hamilton  Weldon  Pendred,  late  Inspector  of 
Ironwork  to  the  Salford  Corporation.    With  40  Illustrations    .       .        .        .9/0 
"  We  recommend  students  and  engineers  to  obtain  this  book  for  constant  and  practical  use." — 
'Cailiery  GHordiam.  

MECHANICAL  ENGINEERING,  etc. 

33.  CRANESy  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies  for  the  Erection  of  Buildings,  &c.    By  Joseph  Glynn,  F.R.S.  1/6 

34.  THE  STEAM  ENGINE.    By  Dr.  Lardner.     Illustrated  .  1/6 
59.  STEAM  BOILERS:  Their  Construction  and  Management. 

By  R.  Armstrong,  C.E.    Illustrated i,'6 

"  A  mass  of  information  suiuble  for  beginners."— />/»>»  and  IVerk. 

S2.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 

and  to  give  motion  to  Turbines  and  other  Hydrostatic  Engines.    By  Joseph 
Glynn,  F.R.S.,  &c.    New  Edition.  Illustrated 9/0 

08    PRACTICAL  MECHANISM,  and  Machine  Tools.     By  T. 

Baker,  C.E.    With  Remarks  on  Tools  and  Machinery,  by  J.  Nasmyth.  C.E.  2/6t 

L39.  THE  STEAM  ENGINE,   a  Treatise  on  the  Mathematical 

Theory  of,  with  Rules  and  Examples  for  Practical  Men.     By  T.  Baker,  C.E.  1/6 
**  This  volume,  by  Mr.  Baker,  a  well-known  authority,  teems  with  scientific  information  in  reference 
to  the  expansion  <^  steam  and  the  duty  of  the  steam-engine,  &C.,  SiC^'-^Detign  and  Work. 

X64.  MODERN  WORKSHOP  PRACTICE,  as  applied  to  Marine, 

Land,  and  Locomotive  Engines,  Floating  Docks,  Dredging  Machines,  Bridges, 
Cranes,  Ship-building,  &c.  &c.    ByJ.  G.  Winton.    lUustrated    .  .  3/ot 

"  Whether  for  the  apprentice  determined  to  master  his  profession,  or  for  the  artisan  bent  upon  rai&ing 
<iimself  to  a  higher  position,  this  clearly  written  and  practical  treatise  will  be  a  great  help."— ^(CV/^mow. 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Bridge  Girders,  and  the  Action  of 
Heat  in  the  Smelting  Furnace.    By  J.  Armour,  C.E.    Numerous  Woodcuts,  a/6; 
**  A  very  useful  and  thoroughly  practical  little  volume."— ifmiM^  Journal. 

166.  POWER  IN  MOTION:  Horse-power  Motion,  Toothed-Wheel 

Gearing,  Long  and  Short  Driving  Bands,  Angular  Forces,  &c.     By  James 

Armour,  CE.    With  73  Diagrams.    Third  Edition a/oj 

"The  value  of  the  theoretic  and  practical  knowledge  imparted  cannot  well  be  over-estimated.**-* 
i^nvcastle  Weekly  Ckronicle, 

,71.  THE    WORKMAN'S  MANUAL    OF  ENGINEERING 

DRAWING.     By  John   Maxton,  Instructor  in  Engineering  Drawing. 
Royal  Naval  College,  Greenwich.    Sixth  Edition.    900  Plates  and  Diagrams  .  3/6J 
*•  A  copy  of  it  should  be  kept  for  xzicr^^'^  "» ^^S  drawing  of&c»:*^Engineering. 

Tke  t  imdtcates  t/k^^si  voU.  maf  b€  had  stromgly  bouitd at  6i,  ixtra. 
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Mechanical  Engineering,  etc.,  continued, 

,90.  STEAM  AND  THE  STEAM  ENGINE,  Stationary  and  Port- 
able, An  Elementary  Treatise  on.  Being  an  Extension  of  Mr.  Sewell's  Tkcatise 

on  Steam.     By  D.  K.  Claxk.  C.E.    Third  Edition 3/6t  | 

"  Every  ewenrial  part  of  the  subject  ia  treated  of  competently,  and  in  a  popular  ftyle."— /rmc. 

200.  FUEL,  ITS  COMBUSTION  AND    ECONOMY.    Con- 

sisting  of  an  Abridgment  of  "  A  Treatise  on  the  Combustion  of  Coal  and  the 
Prevention  of  Smoke."  By  C.  W.  Williams,  A.I.C.E.  With  extensive 
Additions  by  D.  Kinneak  Clark,  M.  Inst.  C.E.    Third  Edition,  corrected  3/6^ 

"  Students  should  buy  the  book  and  read  it,  as  one  of  the  most  complete  and  satisfactory  treatises  od 
the  combustion  and  economy  of  fuel  to  be  had.'* — Engineer, 

aoa.  LOCOMOTIVE    ENGINES,  A  Rudimentary  Treatise  on. 

By  G.  D«  D£MP6BY,  C.E.    With  laige  Additions  treating  of  the  Modem  j' 

Locomotive,  by  D.  K.  Clark,  M.  Inst.  C.E.    With  numerous  Illustrations    .  s/ot  }| 

"  A  model  of  what  an  elementary  technical  book  should  be."— ^rtfdEnwy.  I 

an.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing.  Tem-  I 

plating,  and  Calculating  Boiler  Work,  &c  By  J .  Courtney,  Practical  Boiler- 
maker.   Edited  by  D.  K.  Clark,  C.E.    Second  Edition,  revised  .       .       .  s/o- 

"  With  very  KnaA  care  we  have  gone  throurh  the  *  Boilermaker's  Assistant,'  and  have  to  say  that 
has  our  unqualined  approval.    Scarcely  a  poini  has  been  omitted."— ^i^rvMMM  Engmeer. 

fliy.  SEWING   MACHINERY:  Its  Construction,   History,  &c. 

With  full  Technical  Directions  for  Adjusting,  &c.  By  J.  W.  Urquhart,  C.E.  2/ot 

"  A  full  description  of  the  principles  and  construction  of  the  leading  machines,  amd  minute  instruct 
ttons  as  to  their  management." — Scotsman, 

MS  MECHANICAL  ENGINEERING.  Comprising  MetaUurgy, 

Moulding,  Casting,  Forgingp  Tools,  Workshop  Machinery,  Mechanical  Manipula- 
tion, Manufacture  of  the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.        .  2/6 1 
"  A  sound  and  serviceable  text-book,  quite  up  to  date." — BuiUimg  News. 

236.  DETAILS  OF  MA  CHINER  Y.    Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron  in  the  Fitting-Shop.  Foundry,  and 

Boiler-Yard.    By  Francis  Campin,  C.E 3/0^ 

"  A  sound  and  practical  handbook  for  all  engaged  in  the  engineering  trades."— ^m'A/m^  World, 

337.  THE  SMITHY  AND  FORGE,  including  the  Farrier's  Art 

and  Coach  Smithing.    By  W.  J.  E.  Crane.    Second  Edition,  revised    .        .  2/6^ 

"The  first  modem  English  book  on  the  subject.    Great  pains  have  been  bestowed  by  the  author 
upon  the  book  ;  shoeing  smiths  will  find  it  lioth  useful  and  interesting." — Builder, 

338.  THE  SHEET-METAL  WORKER'S  GUIDE:  ATraciicaX 

Handbook  for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.,  with  46  Diagrams 
and  Working  Patterns.    By  W.  J.  E.  Crane  .    Second  Edition,  revised. 

IJiist  published.  1/6 
"  The  author  has  acquitted  himself  with  considerable  tact  in  choosing  his  examples,  and  with  no- 
less  ability  in  treating  them."— PA»4w^rr. 

asi  STEAM  AND  MACHINERY  MANAGEMENT:  A  Guide 

to  the  Arrangement  and  E^nomical  Management  of  Machinery,  with  Hints 

on   Construction    and    Selecdon.       By  M.   Powis   Bale,    M.InstM.E.  2/6^ 

«  Of  high  practkal  value."— C«//rVr|f  GuardioH, 

*'  Gives  the  results  of  wide  experience." — Lloydft  Newspaper. 

as4.  THE  BOILER-MAKER'S  READY  RECKONER,  with 

Examples  of  Practical  Geometry  and  Templating  for  the  Use  of  Platers,  Smiths, 
and  Riveters.    By  John  Courtney.    Edited  by  D.  K.  Clark,  M.I.C.E. 

Second  Edition,  revised,  with  Additions 4/0 

•»•  Thi  adeve,  strongly  half-boundt  price  $s. 
**  A  most  useiul  work.    No  worianan  or  apprentice  should  be  without  'it.**—Iren  Trade  Circular, 

25s.  LOCOMOTIVE  ENGINE-DRIVING.    A  Practical  Manual 

for  Engineers  in  charge  of  Locomotive  Engines.    By  Michael  Reynolds. 

M.S.E.    Eighth  Edition.    3^.  6d.  limp  ;  doth  boards 4/6 

'*We  can  confidently  recommend  the  book,  not  only  to  the  pracdcal  driver,  but  to  everyone  who 
takes  an  interest  in  the  performance  of  locomodve  engines.— Ztr  Engi$uer, 

256.  STATIONARY  ENGINE-DRIVING.    A  Practical  Manual 

for  Engineers  in  charge  of  Stationary  Engines.    By  Michael  Reynolds, 

M.S.E.    Third  Edition.    3J.  6d,  limp ;  cloth  boards 4/6 

*'  The  author  is  thoroughly  acquainted  with  his  subjects,  and  has  produced  a  manual  which  is  an 
exceedingly  useful  one  for  the  class  for  whom  it  is  spedally  vattnAtA**—Engin*«i^tt£. 

The  t  indicaUs  thtit  thtsi  vols,  mtif  be  had  strongly  bound  at  6d.  extra , 
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MINING,  METALLURGY,  etc. 
4.  MINERALOGY,  Rudiments  of:  A  concise  View  of  the  General 

Properties  of  Minerals.    By  A.  Ramsay,  F.G.S.    Third  Edition,  revised  and 

enlarged.    Woodcuts  and  Plates 3/6^ 

"  The  author  throughout  has  displayed  an  indmate  knowledge  of  his  subject,  and  great  facility  in 
imparting  that  knowledge  to  others.    The  book  is  of  great  utility/'— il/iiuV  7*nnuU, 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the 

Magnetic  Needle.    By  T.  Fen  wick  and  T.Baker,  C.E.    Illustrated   .       .  9/6$ 

133.  METALLURGY  OF  COPPER:    An  Introduction  to  the 

Methods  of  Seeking,  Mining,  and  Assaying  Copper,  and  Manufacturing  its 
Alloys.    By  Robert  H.  Lamborn,  Ph.D.    Woodcuts.  ....  3/6} 

135.  ELECTRO-METALLURGY,  Practically  Treated.   By  Alex- 

andbr  Watt.    Eighth  Edition,  including  the  most  Recent  Processes  .        «  3/0$ 
"  From  this  book  both  amateur  and  artisan  may  learn  everything  necessary.'* — Iron, 

17a.  MINING    TOOLS,    Manual  of.      By  William  Morgans, 

Lecturer  on  Practical  Mining  at  the  Bristol  School  of  Mines  ....  fl/6} 

vj^mMINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the 

above,  containing  235  Illustrations  of  Mining  Tools,  drawn  to  Scale.  4to.        .  4/6 

*'  Students  in  the  Science  of  Mining,  and  Overmen,  Captains,  Managers,  and  Viewers  may 
practical  knowledge  and  useful  hints  by  the  study  of  Mr.  Morgans*  JA^xtxjiX^'—CoUitry  GitardiaH, 

176.  METALLURGY  OF  IRON.    Containing  History  of  Iron 

Manufacture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel.  &c.  By  H.  Bauerman,  F.G.S.,  A.R.S.M.  With 
numerous  Illustrations.    Fifth  Edition,  revised  and  much  enlarged  .        .        .  5/o{ 

"  Carefully  written,  it  has  the  merit  of  brevity  and  conciseness,  as  to  less  important  p<»nts ;  while  all 
material  matters  are  very  fully  and  thoroughly  entered  into." — Standard. 

,80.  COAL  AND  COAL  MINING,    A  Rudimentary  Treatise  on. 

Bv Warington  W.Smyth,  M.A.,  F.R.S.,  Ac,  Chief  Inspector  of  the  Mines 

of  the  Crown.    Sixth  Edition,  revised  and  enlarged.    With  numerous  Illusts.   3/6^ 

*'  Every  portion  of  the  volume  a|>pear8  to  have  been  prepared  with  much  care,  and  as  an  outline  is 
given  of  eveiy  known  coal-field  in  this  and  other  countries,  as  well  as  of  the  two  principal  methods  of 
woricing,  the  book  will  doubtless  interest  a  very  large  number  of  readers." — Mining  youmal. 

X9S.  THE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE,  Comprising  a  Treatise  on  Improved  Mining  Surveying 
and  the  Valuation  of  Mining  Properties,  with  New  Traverse  Tables.  By  W. 
LiNTERN,  Mining  and  Civil  Engineer.  Second  Edition,  with  an  AppencUx  on 
Magnetic  and  Angular  Surveying,  with  Records  of  the  Peculiarities  of  Needle 
Disturbances.  With  Four  Plates  of  Diagrams,  Plans,  &c.  IJust  puhliihtd,  3/6$ 
"  Contains  much  valuable  information,  and  is  thoroughly  trustworthy." — Iron  6f*  Coal  TradesRtvitw, 

2X4.  SLATE  AND  SLATE  QUARRYING,  Sdcnti&c,  Pmctical, 

and  Commercial.  By  D.  C.  Da  vies,  F.G.S.,  Mining  Engineer,  &c.  With 
numerous  Illustrations  and  Folding  Plates.    Third  Edition     ....   3/0} 

**  One  of  the  best  and  best-balanced  treatises  on  a  spCKcial  subject,  having  at  once  scieiUific,  practical, 
and  commercial  relations,  that  we  have  met  with." — Engineer. 


ARCHITECTURE,  BUILDING,  etc. 
re.  ARCHITECTURE— ORDERS— Tht    Orders     and     their 

^Esthetic  Principles.    By  W.  H.  Leeds.    Illustrated z/6 

xy.  ARCHITECTURE— STYLES— TYit    History    and    Descrip- 
tion of  the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury.  F.R.I.B.A..  &c.    Illustrated      .       .  a/o 
%•  Orders  and  Styles  of  Architecture,  in  One  Vol,,  y.  6d, 

,8.  ARCHITECTURE— DESIGN— T\it  Principles  of  Design  in 

Architecture,  as  dedudble  from  Nature  and  exemplified  in  the  Works  of  the 
Greek  and  Gothic  Architects.  By  Edw.  Lacy  Garbbtt,  Architect.  Illustrated  9/6 
'*  We  know  no  work  that  we  would  sooner  recommend  to  an  attentive  reader  desirous  to  obtain  clear 
views  of  the  nature  of  architectural  art.    The  book  is  a  valuable  ont.^—Bmlder. 
♦»♦  The  three  preceding  Works  in  One  handsome  Vol.,  hall  bound,  entitled  "  Modern 

Architecture," /rrV*  6s, 

t^  The  J  indieates  /s^/  /Aese  vols,  may  be  had  strongly  bound  at  6d,  extra. 
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Architecture,  Building,  etc.,  continue, 

22.  THE  ART  OF  BUILDING,  Rudiments  of.     General  Prin- 
ciples of  Construction,  Strength  and  Use  of  Materials.  Working  Drawings. 

Specifications.  &c.    By  Edward  Dobson.  M.R.I.BA.,&c a/ct 

"  A  good  book  for  practical  knowledge,  and  about  the  best  to  be  obtained."— ^a«U!MV  News. 

as,  MASONRY  AND  STONE  CUTTING:  The  Principles  of 

Masonic  Projection  and  their  application  to  Construction.  By  E.  Dobson, 
M.R.I.B.A 2/6X 

42.  COTTAGE  BUILDING.      By  C.   Bruce  Allen.      Tenth 

Edition,  with  a  Chapter  on  Economic^Cottages  for  Allotments,  by  Ed  was  D 
E.  Allen,  C.E.      . 2/0 

45.  LIMES,  CEMENTS,  MORTARS,    CONCRETES,  MAS- 

TICS,  PLASTERING,  &>€.     By  G.  R.  Burnell.  C.E.    Thirteenth  Edition   x/6 

57.  WARMING  AND  VENTILATION  of  Domestic  and  PubUc 

Buildings,  Mines,  Lighthouses.  Ships,  &c.  By  Charles  Tomlinson,  F.R.S.  3/0 

in.  ARCHES,    PIERS,    BUTTRESSES,    &»€.:     Experimental 

Essays  on  the  Principles  of  Construction  in.    By  William  Bland         .       .1/6 

X16.  THE    ACOUSTICS    OF    PUBLIC    BUILDINGS;     or, 

The  Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  the  Architect 
and  Builder.     By  T.  Roger  Smith,  M.R. LB. A.,  Architect.    Illustrated        .1/6 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  The  Art 

of.    By  T.  A.  Richardson.    With  Illustrations,  engraved  by  O.  Jewitt     .  1/6 
"A  valuable  aid  to  the  practice  of  architectural  modelling.**— ifaifiUlrr'x  IVetkly  Reporter. 

za8.  VITRUVIUS—THE  ARCHITECTURE    OF  MARCUS 

VITRUVIUS  POLLO.    In  Ten  Books.    Translated  from  the  Latin  by 

Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  23  Plates S/c 

N.B. — Thii  is  iht  only  Edition  of  Vitruvius  procurable  at  a  moderate  price. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Prin- 
ciples of  Beauty  in  ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the 

Art  in  Greece.    By  the  Earl  of  Aberdeen i/o 

%♦  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  "Ancient 

Architecture,  "  price  dr. 

132.  DWELLING-HOUSES,  The  Erection  of,  Illustrated  by  a 

Perspective  View,  Plans.  Elevations,  and  Sections  of  a  Pair  of  Villas,  with 
the  Specification,  Quantities,  and  Estimates.    By  S.  H.  Brooke.  Architect  .  2/6t 

156.  QUANTITIES  AND  MEASUREMENTS,  in  Bricklayers', 

Masons',  Plasterers',  Plumbers',  Painters',  Paperhangers',  Gilders',  Smiths', 
Carpenters'  and  Joiners'  Work.     By  A.  C.  Beaton,  Surveyor       .        .        .  i/'6 
*'  This  book  is  indispensable  to  builders  and  their  quantity  clerks."— J^d^mA  Mechanic. 

175.  LOCKWOOD' S  BUILDER'S  AND    CONTRACTOR'S 

PRICE  BOOfCioT  1888  ;  containing  the  latest  Pricesof  Materials  and  Labour, 
and  in  all  Trades  connected  with  Building.  With' many  useful  Memoranda 
and  Tables  ;  Revised  and  Edited  by  F.  T.  W.  Miller.  A.R.I.B.A.       .        .  3/6t 

"  Recognised  as  an  authority  on  matters  connected  with  materials  and  labour." — Leeds  Mercnry. 
"  Admits  of  easy  reference,  and  contains  ample  information  on  all  points  connected  with  the  buildinf; 
and  contracting  businesses."— ifaai^i^f'  Weekly  Reporter. 

CARPENTRY  AND  JOINER Y— The  Elementary  Prin- 

ciPLES  OF  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Tredgold,  C.E.  With  Additions,  and  a  TREATISE  ON 
JOINERY  by  E.  W.  Tarn.  M.A.    Fourth  Edition.  Revised  and  Extended  .  a^t 

i82«  CARPENTRY  AND  JOINERY.    ATLAS  of  35  Plates  to 

accompany  and  illustrate  the  foregoing  book.  With  Descriptive  Letterpress.  4to  6/0 

"  These  two  volumes  form  a  complete  treasury  of  carpentry  and  joinery,  and  should  be  in  the  hands 
of  every  carpenter  and  joiner  in  the  empire.*' — Inm. 

185.  THE  COMPLETE  MEASURER;  setting  forth  the  Measure- 
ment of  Boards,  Glass.  Timber  and  Stone.    By  R.  Horton.    Fifth  Edition  .  4/0 
•,•  Tlu  a  dove,  strongly  bound  in  leather,  price  ss, 

**  We  recommend  the  work  to  all  foresters,  and  all  who  buy  or  sell  timber,  who  will  find  it  a  handy, 
correct,  and  valuable  companion." — J oumeU  of  Forestry. 

The  X  indicate  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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187.  BINTS  TO  YOUNG  ARCHITECTS.    By  George  Wight- 
wick,  Architect,  Author  of  **The  Palace  of  Architecture,"  &c.,  &c.    Fifth 
Edition,  revised  and  enlarged  by  G.  Huskisson  Guillaume,  Architect.  3/6I 
"A  copy  ought  to  be  considered  as  necessary  a  purchase  as  a  box  of  instruments." — Arckiiect. 

188  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND 

SIGN  WRITING :  With  a  Course  of  Elementary  Drawing,  and  a  Collection 
of  Useful  Receipts.  ByELLis  A.  Davidson.  Fourth  Edition.  Coloured  Plates    /o 
•«•  The  above  in  cloth  boards^  strongly  bound ^  dr. 
"  A  mass  of  information  of  use  to  the  amateur  and  of  value  to  the  practical  vaan/*—£Mgluh  Mechanic. 

189.  THE  RUDIMENTS  OF  PRACTICAL  BRICKLAYING. 

General  Principles  of  Bricklaying ;  Arch  Drawing,  Cutting,  and  Setting  ; 
Pointing:  Paving,  Tiling.  &c.    By  Adam  Hammond.    With  68  Woodcuts   .  1/6 
"  The  young  bndclayer  will  find  it  infinitely  valuable  to  hamJ*'-^la*gow  Herald. 

191.  PL  UMBING :   A  Text-Book  to  the   Practice  of  the  Art  or 

Craft  of  the  Plumber,  with  above  330  Illustrations.    By  Wm.  Paton  Buchan, 
Sanitary  Engineer.    Fourth  Edition,  revised  and  enlarged      ....  3/6X 

"  A  text-book  which  may  be  safely  put  into  the  hands  of  every  young  plumber,  and  which  will  also 
be  found  useful  by  architects  and  medical  professors.'* — Builder. 

19a.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANT'S, 

AND  BUILDER'S  STANDARD  GUIDE.     By  RICHARD  E.  Grandy. 

Third  Edition,  revised 2/0 

"  Evervthin^  it  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and  throws 
in,  as  a  makeweight,  a  host  of  material  concerning  bricks,  columns,  cisterns,  &.c.**— English  Mechanic. 

ao6.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical.    By  Sir 
Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.,  Author  of  "Clocks  and 
Watches  and  Bells,"  &c.    Second  Edition,  enlarged       ....      .•.4/^1 
"A  book  which  is  always  amusing  and  nearly  always  instructive.    The  style  throughout  is  in  the 

highest  degree  condensed  and  epigrammatic.**'— 7t>ir^x. 

aa6.   THE  JOINTS  MADE  AND   USED  BY  BUILDERS. 

By  Wyvill  J.  Christy,  Architect.  With  160  Woodcuts 3/0 J 

"The  work  is  deservuig  of  high  commendation."— i^wiV/Z^rr. 

aa8.  THE  CONSTRUCTION  OF  ROOFS,  OF  WOOD  AND 

IRON :  Deduced  chiefly  from  the  Works  of  Robison.  Tredgold,  and  Humber. 
By  E.  Wyndham  Tarn,  M.A..  Architect    Second  Edition,  revised       .        .  1/6 
"  Mr.  Tarn  b  so  thoroughly  master  of  his  subject,  that  although  the  treatise  is  founded  on  the  works 
of  others,  he  has  given  it  a  distinct  value  of  hisown.    It  will  be  found  valuable  by  all  students.'* — Builder, 

2a9.  ELEMENTARY  DECORATION:  As  applied  to  Dwelling 

Houses,  &C.    By  James  W.  f  acey.    Illustrated a/o 

"  The  principles  which  ought  to  guide  the  decoration  of  dwelling-houMS  are  clearly  set  forth,  and 
elucidated  oy  examples ;  while  full  instructions  are  given  to  the  learner.*'— 5'c-0/ima«. 

257.  PRACTICAL  HOUSE  DECORATION.    A  Guide  to  the 

Art  of  Ornamental  Painting,  the  Arrangement  of  Colours  in  Apartments,  and 
the  Principles  of  Decorative  Design.    By  James  W.  Facey   .  .        .  a/e 

•,•  Nos.  229  and  257  in  One  handsonu  Vol.,  half-bound, entitUd  "  House  DECORA- 
TION, Elementary  and  Practical," /r»V*  51. 

230.  A    PRACTICAL    TREATISE    ON  HANDRAILING; 

Showing  New  and  Simple  Methods    By  Geo.  Collings.     With  Plates .        .  1/6 
"  Will  be  found  of  practical  utility  in  the  execution  of  this  difRcult  branch  of  joinery."— ^Mi/c^r. 

247.  BUILDING  ESTATES:    A  Treatise  on  the  Development, 

Sale»  Purchase,  and  Management  of  Building  Land.     By  F.  Maitland. 

Second  Edition,  revised  ,.  •  a/p^ 

"This  book  should  undoubtedly  be  added  to  the  library  of  every  professional  man  deahng  with 
building  \»nA.**— Land Agenfe  Record, 

^1^,  PORTLAND   CEMENT  FOR  USERS    By  Henry  Faija, 

A.M.  Inst.C.E.    Second  Edition,  Corrected a/o 

"  Supplies  in  a  small  compass  all  that  is  necessary  to  b«  known  by  users  of  fxm.vxiXJ'—BmldtngNews, 

asa.  BRICKWORK :  A  Practical  Treatise,  embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  SctUng ;  with  the  AppUca- 
Uon  of  Geometry  to  Roof  Tiling,  ftc.    By  F.  Walker    .       .        .        .        .  1/6 
**  Contains  all  that  a  young  tnulesman  or  student  needs  to  learn  Irom  books.  —Bnildmg  New*. 

259.  GAS  FITTING :  A  Practical  Handbook.     By  John  Black. 

With  lai  Illustrations '    .:       ',     '        "      •  *  *i?* 

"Contains  aU  the  requisite  infons&akion  for  the  successful  fitting  of  houses  for  a  ns  service,  &c. 
It  is  written  in  a  simple  practical  t|yle,_and  we  heartily  recommend  it.  '-^Plnmhcr  and  Decorator. 

The  I  indicates  fj^  thtit  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Architecture,  Building,  etc.,  continued, 

253.    THE  TIMBER  MERCHANTS,  SA  W  MILLER 'S,  AND 

IMPORTER 'S  FREIGHT  BOOK  AND  ASSISTANT.    By  William 
w.»*l^'*^^^''»  Timber  Broker  ;  together  with  a  Chapter  on  "Speeds  of  Saw- 

...       Mill  Machinery,  by  M.  Powis  Bale,  M.I.M.E.,  &c S/ot 

A  compendiom  of  calculauons  which  supplies  a  real  want  in  the  tnAty— Building  News. 

THE  PRACTICAL  BRICK  AND  TILE  BOOK.    Com- 

priring;  Brick  and  Tile  Making,  by  E.  Dobson.   A.I.C.E.;  Practical 

BRICKLAYING,   by  A.   HAMMOND  ;   BRICKWORK,   by  F.  WALKER.     550  pp. 

with  270  lUiutiadona,  strongly  half-bound 6/0 

258.    CIRCULAR  WORK  IN  CARPENTR  Y  AND  JOINER  Y. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.    By 
«  Tu-  9^<^R0E  COLLINGS,  Author  of  "  A  Treatise  on  Handrailing."  &c.      .        .  2/6 
fi  ux^         J*  "  excellent  example  of  what  a  book  of  thU  kind  should  be— cheap  in  price,  clear  in  de 
fimUon,  and  pracucalm  the  examples  selected."— ^K^a^. 

261.    SHORING,  aod  Its  Application  :  A  Handbook  for  the  Use  of 

..  -ri.    ^*?^«"^-    By  George  H.  Blagrove.    With  31  Illustrations  .        .1/6 

i«  TA?*  *""*°*"  »«ta  hus  subject  in  a  sound  and  practical  WAyJ'—Eti^/isk  Mechanic. 
we  recommend  this  valuable  treatise  to  all  students."— ^mV^m;^  News. 

SHIPBUILDING,   NAVIGATION,  etc. 
SI.    NAVAL  ARCHITECTURE,  an  Exposition  of  the  Elemen- 
tary Principles  of  the  Science,  and  their  Practical  Application.     By  James 
Peake,  School  of  N.  A.,  H.M.  Dockyard,  Portsmouth.  .        .         .        .  3/6J 

53..  SHIPS  FOR  OCEAN  AND  RIVER  SER  VICE,  Elementary 

and  Practical  Principles  of  the  Construction  of.  By  H  akon  A.  Sow  merfeldt.   1/6 

Si'^^AN  ATLAS   OF  ENGRAVINGS  to  Illustrate  the  above. 

Twelve  large  folding  Plates.    Royal  4to,  cloth 7/6 

54.  MASTING,     MAST-MAKING,     AND    RIGGING     OF 

SHIPS.    Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp 
Ropes,  &c..  relative  to  every  class  of  vessels.     By  Robert  Kipping,  N.A.     2/0 

54».  IRON    SHIP-BUILDING.      With  Practical  Examples   and 

Details.    By  John  Grantham.    Fifth  Edition 4/0 

55.  THE  SAILOR'S  SEA  BOOK:  A  Rudimentary  Treatise  on 

Navigation.     By  James  Greenwood,  B.A.     With  numerous  Woodcuts 
.. »      *^^  Coloured  Plates.     New  and  enlarged  Edition.     By  W.  H.  Rosser  .  2/6t 

Is  perhaps  the  best  and  simplest  epitome  of  navigation  ever  compiled.— /^/W</. 

55      PRACTICAL  NAVIGATION.   Consisting  of  The  Sailor's 

&            Sea-Book,  by  James  Greenwood  and  W.   H.   Rosser  ;  together  with 
204.           Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems,  by 
Henry  Law,  C.E.,  and  Professor  J.  R.  Young.    i2mo,  strongly  half-bound 
m  leather ,        .        .7/0 

•11  u  ^  ^***«  **^*'"."J  of  infonnation  is  contained  in  this  volume,  and  we  fancy  in  a  very  short  time  that  it 
wiU  be  seen  in  the  hbrary  of  almost  every  ship  or  yacht  afloat."—//!**/'*  Yachting  Magazine, 

80.    MARINE   ENGINES   AND    STEAM    VESSELS.     By 

Robert  Murray,  C.E.,  Principal  Officer  to  the  Board  of  Trade  for  the  East 
Coast  of  Scotland  District.  Eighth  Edition,  thoroughly  Revised,  with  Addi- 
tions by  the  Author  and  by  George  Carlisle,  C.E.,  Senior  Siurveyor  to  the 

Board  of  Trade,  Liverpool 4/6t 

[\  Of  .«i^t  value  to  engineers  in  bodi  the  Royal  and  Mercantile  navies."— ^r«irf  Arrow. 
It  IS  an  indispensable  manual  for  the  student  of  marine  engineering."— Ztv^y^oo/  Merrttry. 

83**5.  THE  FORMS  OF  SHIPS  AND  BOATS.    By  W.  Bland. 

Seventh  Edition,  revised,  with  numerous  Illustrations  and  Models  .        .        .1/6 

99.    NAVIGATION  AND    NAUTICAL   ASTRONOMY,   in 

«  A     '^^^^,  ^^  Practice.    By  Prof.  J.  R.  Young.    New  Edition.     Hhistrated  .  2/6 
A  very  complete,  thorough,  and  useful  manual  for  the  young  tULv\gztar.**—Ol'servaiory. 

106.    SHIPS*  ANCHORS,  sl  Treatise  on.      By  George  Cotsell.  1/6 
149.    SAILS  AND  SAIL-MAKING.    With  Draughting,  and  the 

Centre  of  Effort  of  the  Sails.  Also,  Weights  and  Sizes  of  Ropes ;  Masting, 
Rigging,  and  Sails  of  Steam  Vessels,  &c.    By  Robert  Kipping,  N.A.         .  a/6J 

XS5.  THE  ENGINEER'S  GUIDE  TO  THE  ROYAL  AND 
MERCANTILE  NA  VIES,  By  a  Practical  Engineer.  Revised  by 
D.  F.  M  'Carthy,  late  of  the  Ordnance  Survey  Office,  Southampton        .        .  3/0 

isr  Thi  J  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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AGRICULTURE,  GARDENING,  etc. 

6i\  A  COMPLETE  READY  RECKONER  FOR  THE  AD^ 

MEASUREMENT  OF  LAND,  &c.  By  A.  Arman.  Third  EdiUon, 
revised  and  extended  by  C.  NoRRis,  Sunreyor,  Valuer.  Ac 3/0 

"  A  very  useful  book  to  all  who  have  land  to  measure."— il/«n(  Latu  Express, 
Should  be  in  the  hands  of  all  persons  having  any  connection  with  land.''--/mA  Farm. 

131.  MILLER'S,  CORN  MERCHANT'S,  AND  FARMER'S 

READY  RECKONER.  Second  Edition,  revised,  with  a  Price  List  of 
Modem  Flour  Mill  Machinery,  by  W.  S.  HUTTON.  C.E 9/0 

*'  Will  prove  an  indiq>ensable  vad€  u-scum.   Nothing  has  been  spared  to  make  the  book  complete  and 
f>erfect]y  adapted  to  iu  special  purpose.  —MilUr, 

140.  SOILS,  MANURES,  AND  CROPS.  (Vol.  I.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Bijrn.    Woodcuts a/o 

141.  FARMING  AND  FARMING  ECONOMY,  Historical  and 

Practical.  (Vol.  IL  Outlines  op  Modern  Farming.)    By  R.  Scott  Burn.  3/0 

"  Eminently  calculated  to  enli|fhten  the  agricultural  community  on  the  varied  subjects  of  which  it 
treats  ;  hence  it  should  find  a  pUce  m  every  fanner's  library." — City  Press. 

14a.  STOCK;    CATTLE,   SHEEP,  AND  HORSES.  (Vol.  III. 

Outlines  OF  Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts.       .  a/6 

"Theauthor'sgiaspof  his  subject  is  thorough,  and  his  grouping  of  facts  effective.    .    .    .    We  com- 
mend this  excellent  treatise.**— ffVrA/|'  Dispatch. 

,45.  DAIRY,  PIGS,  AND  POULTRY.    (Vol.  IV.  Outlines  of 

Modern  Farming.)    By  R.  Scott  Burn.    Woodcuts  .  .9/0 

"We  can  tesdfy  to  the  clearness  and  intelligibility  of  the  matter,  which  has  been  compiled  from  the 
best  authorities." — London  Revitw. 

,46.  UTILIZATION   OF    SEWAGE,    IRRIGATION,  AND 

RECLAMATION  OF  WASTE  LAND.  (Vol.  V.  Outlines  op  Modern 
Farming.)     By  R.  Scott  Burn.    Woodcuts 3/6 

"  A  work  containing  valuable  informadoo,  which  will  recommend  itself  to  all  interested  in  modern 
arming.**— ^*r/ii: 

\f A  OUTLINES   OF  MODERN  P ARMING.    By  R.  Scott 

Burn.  Author  of  "Landed  Estates  Management,"  "Farm  Management." 
and  Editor  of  "The  Complete  Grazier."  Consisting  of  the  above  Five 
Volumes  in  One,  1.250  pp.,  profusely  Illustrated,  half-bound   ....  za/o 

"'The  aim  of  the  author  has  been  to  make  his  work  at  once  comprehensive  and  trustworthy,  and  in 
this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  credit."— Jifi9nKi«V  Advtttistr. 
"  Should  find  a  place  in  every  fanner's  library.*'— Ci/r  Press. 
"  No  larmer  should  be  without  it.*'— Banbury  Guardian. 

177.  FRUIT  TREES,  The    Scientific  and  Profitable   Culture  of. 

From  the  French  of  M.  Du  Breuil.    Third  Edition,  carefully  Revised  by 

George  Glenn y.    With  187  Woodcuts 3/6t 

"  The  book  teaches  how  to  prune  and  train  fhiit  trees  to  perfection.*'— /VVitf. 

198.  SHEEP:  The  History,  Structure,  Economy,  and  Diseases  of. 

By  W.  C.  Spooner,  M.R.V.C,  &c.    Fourth  Edition,  with  fine  Engravings. 

including  Specimens  of  New  and  Improved  Breeds.    366  pp 3/6 

"  The  book  is  decidedly  the  best  of  the  kind  in  our  kuiguage."— .Sf<»/nMa«i. 

aoi.  KITCHEN  GARDENING  MADE  EASY.     Showing  the 

best  means  of  Cultivating  every  known  Vegetable  and  Herb,  &c.,  with  direc- 
tions for  management  all  the  year  round.  By  Geo.  M.  F.  Glenny.  Illustrated  i/6t 
"This  book  will  be  found  trustworthy  and  usefuI."—AVrfA  British  Africulturist. 

ao7.  OUTLINES   OF  FARM  MANAGEMENT.    Treating  of 

the  General  Work  of  the  Farm ;  Stock ;  Contract  Work  ;  Labour,  &c.    By 
R.  Scott  Burn,  Author  of  "  Outlines  of  Modem  Farming,"  &c.  .       .        .  a/6J 
"  The  book  is  eminently  practical,  and  nuiy  be  studied  with  advantage  by  beginners  in  agriculture, 
while  it  contains  hints  which  wul  be  useful  to  old  and  successful  farmers." — Scotsman, 

ao8.  OUTLINES  OF  LANDED  ESTATES  MANAGEMENT: 

Treating  of  the  Varieties  of  Lands,  Methods  of  Farming,  the  Setting-out  of 
Farms,  &c. ;  Roads,  Fences,  Gates,  Irrigation,  Drainage,  &c.  By  R.  S.  Burn.  a/6t 
"A  complete  and  comprehensiy*  outline  of  the  duties  appertaining  to  the  management  of  landed 
estates." — 7oumal  of  Forestry^ 

\*  Nos.  0076^208  in  One  ^^.    handsomely  half-bound,  tntitUd  «•  OUTLINES  OF  LANDED 
Estates  and  Farm  A|  "^.y^GBMBNT."    By  Robert  Scott  Burn.    Price  ts. 

The  X  indicates  *      m  iJU^i  vols,  may  bt  had  strongly  bound  at  6d.  extra. 
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Agriculture,  Gardening,  etc.,  continued. 
309.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR  : 

With  numerous  lUustiatioDS  of  Grafting,  Layering,  Budding,  Cuttings,  Useful 
Implements,  Houses,  Pits,  &c.  By  Samuel  Wood,  Author  of  "  Good 
Gardening,"  Ac 2K 

"  Sound  in  its  teaching  and  very  comprehensive  in  its  aim.  It  is  a  good  'bo6k.**-~Gardeners'  Magazine. 
"The  instructions  are  thoroughly  pracdcal  and  correct." — North  British  Agricultutist. 

9IO.  THE  TREE  PRUNERi  Being  a  Practical  Manual  on  the 

Pruning  of  Fruit  Trees,  including  also  their  Training  and  Renovation,  also 
treating  of  the  Pruning  of  Shrubs,  Climbers  and  Flowering  Plants.  With 
numerous  Illustrations.   By  Samuel  Wood,  Author  of  '*  Good  Gardening,"  &c.  2/0:^ 

"  A  useful  book,  written  by  one  who  has  had  great  experience."— Afar^  La$u  Express. 
"We  recommend  this  treatise  very  highly  ."~A<»r^A  British  Agriculturist. 

•»•  Nos.  209  &•  aio  in  One  Vol,^  handsomely  half-bound,  entitled  "The  Tree 
Planter,  Propagator  and  Pruner."    By  Samuel  Wood.    Price  $s. 

ai8.  THE  HAY  AND    STRAW  MEASURER:    New  Tables 

for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  &c., 
forming  a  complete  Calculator  and  Ready  Reckoner.    By  John  Steele        .  2/0 

"A  most  useful  handbook.    It  should  be  in  every  professional  office  where  agricultural  valuations  are 
conducted."— Z^Mb/  Agenfs  Record. 

SUBURBAN  FARMING :  A  Treatise  on  the  Laying-out  and 

Cultivation  of  Farms,  adapted  to  the  Produce  of  Milk,  Butter  and  Cheese,  Eggs, 
Poultry,  and  Pigs.    By  the  late  Prof.  John  Donaldson.   With  Additions, 
illustrating  Modem  Practice,  by  R.  Scott  Burn.  With  numerous  lUostrations  3/6^ 
"  An  admirable  treatise  on  all  matters  connected  with  dairy  farms." — Live  Stock  Journal. 

231.  THE   ART    OF  GRAFTING    AND    BUDDING.      By 

Charles  Baltet.    With  Illustrations 2/6J 

"  The  one  standard  work  on  this  subject." — Scotsman, 

23a.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vege- 
tables for  Small  Gardens.    By  E.  Hobday x/6 

"  Definite  instructions  as  to  the  cultivation  of  small  gardens.'* — Scotsman. 
"  Contains  much  useful  information  at  a  small  charge." — Glasgow  Herald. 

333.  GARDEN  RECEIPTS,     Edited  by  Charles  W.  Quin.  1/6 

"A  singularly  complete  collection  of  the  princioal  receipts  needed  by  gardeners." — Farmer. 
"  A  useful  and  handy  book,  containing  a  good  deal  of  valuable  information." — Athenaum. 

334.  THE  KITCHEN  AND  MARKET  GARDEN     By  Con- 

tributors  to  "The  Garden."    Compiled  by  C.  W.  Shaw         ....  3/ot 

"The  most  valuable  compendium  of  kitchen  and  market-garden  work  published.*' — Farmer. 
"  A  most  comprehensive  volume  on  market  and  kitchen-gardening." — Mark  Lane  Ejcpress, 

239.  DRAINING  AND  EMBANKING,    A  Practical  Treatise. 

By  John  Scott,  late  Professor  of  Agriculture  and  Rural  Economy  at  the 
K0J2X  Agricultunil  College,  Cirencester.   With  68  Illustrations .        .        .        .  1/6  • 

"  A  valuable  handbook  to  the  engineer,  as  well  as  to  the  surveyor." — Land. 

**  This  volume  should  be  perused  by  all  interested  in  this  important  branch  of  estate  improvement." 
—Land  Agent*  s  Record.     • 

240.  IRRIGATION  AND     WATER   SUPPLY:  A    Practical 

Treatise  on  Water  Meadows,  Sewage  Irrigation,  Warping.  &c. ;  on  the  Con- 
struction of  Wells,  Ponds  and  Reservoirs,  &c.  By  Professor  John  Scott. 
With  34  Illustrations  .        .  r/6 

"A  valuable  and  indispensable  book  for  the  estate  manager  and  owner." — Forestry. 
**  Well  worth  the  study  of  all  farmers  and  landed  ptopntton.'*— Building  News. 

241.  FARM  ROADS,  FENCES,  AND  GATES:    A   Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm ;  the  Prin- 
ciples of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and  Stiles. 
By  Professor  John  Scott.    With  75  Illustrations 1/6 

*'Mr.  Scott*s  treatise  will  be  welcomed  as  a  concisely  compiled  handbook.'* — Building  News. 
"  A  useful  pracdcal  work,  which  should  be  in  the  hands  ot  every  farmer."— i^tcrm^r. 

242.  FARM  BUILDINGS:  A  Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.    By  Prof.  John  Scott.    With  105  Illustrations    .  2/0 

**  The  work  of  a  practical  man.    No  one  who  is  called  upon  to  design  farm-buildings  can  afford  to  be 
without  this  handy  liule  vrorV..**— Builder. 

'•This  book  ought  to  be  in  the  hands  of  every  landowner  and  agent." — Kelso  Chronicle. 

The  X  indicates  thai  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Agriculture,  Gardening,  etc.,  continued. 

243.  BARN  IMPLEMENTS  AND  MACHINES.    Treating  of 

the  Application  of  Power  to  the  Operations  of  Agricultare ;  and  of  the 
various  Machines  used  in  the  Threshing-barn,  in  the  Stock-yard,  Dairy,  &c. 
By  Professor  John  Scott.    With  123  Illustrations 2/0 

244.  FIELD  IMPLEMENTS  AND  MACHINES:  With  Prin- 

ciples and  Details  of  Construction  and  Points  of  Excellence,  their  Manage- 
ment,ftc.    By  Prof.  John  Scott.    With  138  Illustrations       ....   2/0 

245.  AGRICULTURAL  SURVEYING:   A  Treatise  on  Land 

Surveying,  Levelling,  and  Setting-out ;  with  Directions  for  Valuing  and  Re- 
porting on  Farms  and  Estates.     By  Prof.  J.  Scott.    With  62  Illustrations  1/6 

239. )  FARM  ENGINEERING :  By  Professor  John  Scott.  Com- 

*®   r     prising  the  above  Seven  Volumes  in  One,  i,  150  pages,  and  over  600  Illustrations. 

»4S.)     Half.bound 12/0- 

**  A  copy  of  this  work  should  be  treasured  up  in  every  library  where  the  owner  thereof  is  in  any  way 
connected  with  Und.  "—/-anw  and  Home. 

asa  MEAT  PRODUCTION:  A  Manual  for  Producers,  Distribu- 
tors, and  Consumers  of  Butchers'  Meat.  By  John  Ewart,  Author  of  The 
LAnd  Improver's  Pocket- Book."  ftc.  With  numerous  Illustrations  .  2/6 

"  A  compact  and  handv  volume  on  the  meat  question.*'— ^/m/  and  Provision  Trados*  Revietv. 

MATHEMATICS,  ARITHMETIC,  etc. 

32.  MATHEMATICAL  INSTRUMENTS,  a  Treatise  on  ;  Their 

Construction,  Adjustment,  Testing,  and  Use  concisely  Explained.  By  J .  F. 
Heather,  M.A.,  of  the  Royal  Military  Academy,  Woolwich.  Fourteenth 
Edition,  Revised,  with  Additions,  by  A.  T.  Walmislry.  M.I.C.E.,  Fellow  of 
the  Surveyors'  Institution.    Original  Edition,  in  i  vol.,  Illustrated  .        .        .   2/0^ 

[yttsi  fitiiished. 

\*  /»  ordering  the  above,  be  careful  to  say  "  Original  Edition,"  or  give  the  number  in 
the  Series  (32),  to  distinguish  it  from  the  Enlarged  Edition  in  3  vols.  fNos.i6S-g-70j. 

76.  DESCRIPTIVE  GEOMETRY,  zxi  Elementary  Treatise  on; 

with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  MoNGE.  To  which  is  added  a  Description  of  the  Principles  and  Practice 
of  Isometrical  Projection.    By  J.  F.  Heather,  M. A.    With  14  Plates  .        .   2/0 

178.  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 

Modes  of  Constructing  Figures  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.    By  J.  F.  Heather,  M. A.    With  215  Woodcuts     .   2/0 
"The  author  is  well-known  as  an  experienced  professor,  and  the  volume  contains  as  complete   a 
collection  of  problems  as  is  likely  to  be  required  in  ordtnazy  pracuce."— ^n-A/Z^r/. 

83.  COMMERCIAL   BOOK-KEEPING,      With    Commercial 

Phrases  and  Forms  in  English,  French,  Italian,  and  German.  By  James 
Haddon,  M.A.,  formerly  Mathematical  Master,  King's  College  School        .    1/6 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on  :  with  full  Expla- 

nations of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice. 
For  the  Use  of  Schools  and  for  Self-Instruction.  By  J.  R.  Young,  late 
Professor  of  Mathematics  in  Belfast  College.    Eleventh  &ntion       .        .        .    1/6 

84«.^  KE  Y  TO  THE  ABO  VE.    By  J.  R.  Young  ....  1/6 

85.  EQUATIONAL   ARITHMETIC,  applied  to  Questions  of 

Interest,  Annuities,  Life  Assurance,  and  General  Commerce  ;  with  various 
Tables  by  which  all  Calculations  may  be  greatly  facilitated.    By  W.  Hipslsy.  2/0 

86.  ALGEBRA,  the  Elements  of.    By  James  Haddon,  M.A., 

formerly  Mathematical  Master  of  King's  College  School.  With  Appendix, 
containing  MiscelUneous  Investigations,  and  a  collection  of  Problems     .  3/0 

86\i4  KEY  AND   COMPANION  TO   THE  ABOVE.     An 

extensive  repository  of  Solved  Examples  and  Problems  in  Illustration  of  the 
various  Expedients  necessary  in  Algebraical  Operations.    By  f .  R.  Young     .  x/6 

88.  EUCLID,  The  Elements  of:  with  many  Additional  Proposi- 

&         tions  and  Explanatoiy  Notes ;  to  which  is  prefixed  an  Introductory  Essay  on 

89.  Logic.    By  Henry  Law,  C.E a/6t 

\*  Sold  also  separately t  vix, : — 

88.  EucUD,  The  First  Three  Books.    By  Henry  Law,  C.E 1/6 

89.  Euclid,  Books  4,  g^  5,  n,  12.    By  Henry  Law,  C.E.        .       •  _  •    _•   '/^ 

The  t  indicates  *j^t  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 

90.  ANALYTICAL     GEOMETRY     AND     CONIC    SEC- 

TIONS, a  Rudimentaiv  Treatise  on.    By  Tames  Hann.    A  New  Edition, 
re-written  and  enlax^ed  by  Professor  J.  R.YOUNG s/ot 

"  The  author's  style  is  exceedingly  clear  and  simple,  and  the  book  is  well  adiqited  for  the  beKinner, 
and  those  who  may  be  obliged  to  have  recourse  to  selt-tuition.'*— ^nviii^vr. 

91.  PLANE  TRIGONOMETRY,  the  Elements  of.    By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London  .       .  1/6 

92.  SPHERICAL    TRIGONOMETRY,  the  Elements  of.    By 

James  Hann.    Revised  by  Charles  H.  Dowling,  C.E i/o 

•«•  Or  with  "  The  Elements  of  Plane  Trigonometry,''  in  One  Volume,  sj.  6/. 

93.  MENSURATION  AND  MEASURING,  for  Students  and 

Practical  Use.   With  the  Mensuration  and  Levelling  of  Land  for  the  purposes 
of  Modem  Engineering.  By  T.  Baker,  C.E.  New  Ed.  by  £.  Nugent,  CE.  1/6 

,01.  DIFFERENTIAL  CALCUL  US,  Elements  of  the.   By  W.  S.  B. 

WOOLHOUSE,  F.R.A.S.,  &c 1/6 

,o3.  INTEGRAL  CALCULUS.    By  Homersham  Cox,  B.A.        .  i/o 
105.  MNEMONICAL   LESSONS.— Geometry,    Algebra,    and 

Trigonometry,    in   Easy   Mnemonical  Lessons.     By  the  Rev.  Thomas 
Penyngton  Kirkman,  M.A. 1/6 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

instruction.    By  James  H  addon,  M. A.    Revised  by  Abraham  Arman      .  1/6 

137.  A  KE  Y  TO  THE  ABO  VE,     By  A.  Arman       ....  1/6 

,68.  DRA  WING  AND  MEASURING  INSTRUMENTS.  In- 
cluding— L  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying,  and  Measurement  of  Maps  and  Plans. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  for 
Arithmetical  Computations.    By  J.  F.  Heather,  M. A 1/6 

"  Valuable  and  instructive  to  all  whose  occupations  require  excepdooal  accuracy  in  measurements." 
— JtweUer  and  Metal  Worker. 

,69.  OPTICAL  INSTRUMENTS.    Including  (more  especially) 

Telescopes,  Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and 
Plans  by  Photography.    By  J.  F.  Heather,  M. A.    Illustrated     .        .        .1/6 
"An  excellent  treatise." — British  Journal  0/  Photography. 

170.  SURVEYING  <S^•  ASTRONOMICAL   INSTRUMENTS. 

Including — I.  Instruments  used  for  Determining  the  Geometrical  Features  of 
a  portion  of  Ground.  II.  Instruments  employed  in  Astronomical  Observa- 
tions.   By  J.  F.  Heather,  M.A.    Illustrated 1/6 

"  A  good,  sensible,  useful  book." — School  Board  Chronicle. 

•^*  The  above  three  volumes  form  an  enlargement  of  the  Authors  original  worh, 
•  •  Mathematical  Instruments  "  :  price  is.  6a.    (Su  No,  3a  in  the  Series. ) 

\  MATHEMATICAL  INSTRUMENTS:  Their  Construction, 

z68. 1  Adjustment,  Testing  and  Use.     Comprising  Drawing,  Measuring,  Optical, 

169.  y  Surveying,   and  Astronomical   Instruments.      By  J.  F.    Heather,    M.A. 

I70'  I  Enlarged  Edition,  for  the  most  part  entirely  re-wntten.     The   Three    Parts 

/  as  above,  in  One  thick  Volume 4/6$ 

"  An  exhaustive  treatise,  belonging  to  the  «rell>Icnown  Weale's  Series.    Mr.  Heather's  experience 
well  qualifies  him  for  the  task  he  has  so  ably  fulfilled." — Engineering  and  Building  Timet. 

,58.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT.  Con- 
taining full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations 
with  unexampled  rapidity  and  accuracy.  By  Charles  Hoarb,  C.E.  With 
a  Slide  Rule,  in  tuck  of  cover.     Fifth  Edition 2/6^ 

X96.  THEORY  OF  COMPOUND  INTEREST  AND  ANN  UI- 

TIES  ;  with  Tables  of  logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.,  in  all  their  Applications  and  Uses  for  Mer- 
cantile and  State  Purposes.      By  Fedor  Thoman,  of  the  Soci^t^  Credit 
Mobilier,  Paris.     Third  Edition,  carefully  revised  and  corrected  .        .        .  4/0]! 

"  A  very  powerful  work,  and  the  author  has  a  very  remarkable  command  of  his  subject." — Professor 
A.  de  MoR(MN.        '*  We  recommend  it  to  the  notice  of  actuaries  and  accountants."— vl/AnMr««r. 


The  \  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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Mathematics,  Arithmetic,  etc.,  continued. 
199.  THE  COMPENDIOUS  CALCULATOR  (Iniuitwe  Caicu- 

/attoHs);  or,  Easy  and  Concise  Methods  of  Performing  the  various  Arith- 
metical Operations  required  in  Commercial  and  Business  Transactions  ; 
together  with  Useful  Tables,  &c.  By  Daniel  O'Gorman.  Twenty-sixth 
Edition,  carefully  revised  by  C.  NoRKis 3/o( 

"  It  would  be  difficult  to  exaggerate  the  usefulnets  of  this  book  to  everyone  engaged  ia  commerce 
ornuuiufacturing  industry.  It  is  crammed  full  with  rales  and  formule  for  shortening  and  employing 
calculations  in  money,  weights  and  measures,  &c.  of  every  sort  and  description." — KncwUdie. 

ao4.  MATHEMATICAL  TABLES,  for  Trigonometrical,  Astro- 
nomical, and  Nautical  Calculations  ;  to  which  is  prefixed  a  Treatise  on 
Logarithms.  By  H.  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navi- 
gation and  Nautical  Astronomy.    By  Professor  T  R.  Young.    New  Edition  4/0 

ao4.»  LOGARITHMS.  With  Mathematical  Tables  for  Trigonome- 
trical, Astronomical,  and  Nautical  Calculations.  By  Henry  Law,  C.E. 
Revised  Edition.    (Forming  part  of  the  above  work.) 3/0 

aax.  MEASURES,    WEIGHTS,  AND    MONEYS  OF    ALL 

NATIONS^  and  an  Analysis  of  the  Christian,  Hebrew,   and  Mahometan 
Calendars.    By  W.  S.  B.  Woolhousb,  F.R.A.S.,  F.S.S.    Sixth  Edition,  a/ot 
'*  A  woifc  necesiary  for  every  mercantile  office." — Buildit^  TrtuUt  yaurmal, 

a27.  A  TREATISE  ON  MATHEMATICS,  as  applied  to  the 

Constructive  Arts.     By  Francis  Campin,  C.E.,  &c.    Second  Edition    .        .  3/0^ 

"  This  volume  should  be  in  the  hands  of  everyone  connected  with  buildins  construction.*'— ^M'i^rr'x 
Wttkfy  R€porttr. 

PHYSICAL    SCIENCE,    NATURAL   PHILOSOPHY,    etc. 

I.  CZr^J[/757!^F,for  the  Use  of  Beginners.  By  Prof.GEO.FowNEs, 

F.R.S.    With  an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,  i/o 

a.  NATURAL    PHILOSOPHY,    for   the   Use  of   Beginners. 

By  Chasles  Tomlinson,  F.R.S. t/6 

6.  MECHANICS:  Being  a  concise  Exposition  of  the  General 

Principles  of  Mechanical  Science,  and    their  Applications.    By  Charles 
Tomlinson,  F.R.S 1/6 

7.  ELECTRICITY;  showing  the  General  Principles  of  Electri- 

cal Science,  and  the  Purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S..  &c.  With  considerable  Additions  by  R.Sabine,  C.E.,  F.S.A.  1/6 

7\    GALVANISM.    By  Sir  W.  Snow  Harris.    New  Edition, 

revised,  with  considerable  Additions,  by  Robert  Sabine,  C.E.     .  .  1/6 

8.  MAGNETISM.   By  Sir  W.  Snow  Harris.    New  Edition, 

revised  and  enlarged  by  H.  M.  NoAD,  Ph.D.     With  165  Woodcuts      .        .  3/6^ 

^  *'  The  best  poplar  exposidon  of  magnedsm,  its  intricate  relations  and  complicatiag  effects,  with 
which  we  are  acquainted.'*— >yc>hw/  Board  ChronUU. 

XI.  THE  ELECTRIC  TELEGRAPH:  its  History  and  Progress ; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabine,  C.E.,  F.S.A.,  Ac.  3/0 
**  Etsentially  a  practical  and  instructive  work." — D4MUy  Ttlegrapk. 

xa.  PiV^^Til/'.^TyC.S',  including  Acoustics  and  the  Phenomena  of 

Wind  Currents,  for  the  Use  of  Beginners.  By  Charles  Tomlinson  ,  F.R.S. 
Fourth  Edition,  enhuged.    Illustrated [Just published  1/6 

7a.  MANUAL  OF  THE  MOLLUSC  A:  A  Treatise  on  Recent 

and  Fossil  Shells.    By  Dr.  S.  P.  Woodward,  A.L.S.    With  Appendix  by 
Ralph  Tate.  A.L.S..  F.G.S.    With  numerous  Plates  and  300  Woodcuts.  6/6 
*«*  Thi  above  handsomely  bound  in  cloth  boards,  js,  6d, 

'*  A  storehouse  of  ooncholosical  and  ^logical  infornution."— /^an/wiViv'r  Science  Gossfp, 

"  An  important  work,  with  such  additions  as  complete  it  to  the  present  time." — La$ul  and  JVaUr. 

96.  ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M,  A.,  F.R.S., 

formerly  RadclifTe  Observer  at  Oxford.  Third  Edition,  revised  and  corrected 
to  the  Present  Time,  by  William  Thynnb  Lynn,  B.A.,  F.R.A.S.  .  2/0 

"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  hook  for  ht^nntxt.**^Kwnfledge. 

gj,  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T,  Bakrr,  C.E.    Fourth  Edition 1/6 
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Physical  Science,  Natural  Philosophy,  etc.,  continued, 
,38.  TELEGRAPH,   HANDBOOK    OF   THE:    A    Guide  to 

Candidates  for  Employment  in  the  Telegraph  Service.  By  R.  Bond.  Fourth 
Edition,  revised  and  enlarged ;  to  which  is  appended,  Questions  on  Mag- 
netism. Electricity,  and  Practical  Telegraphy,  for  the  Use  of  Stu- 
dents, by  W.  McGregor,  Indian  Government  Telegraphs.    Woodcuts        .  3/ot 

"This  book  is  one  of  the  very  best  works  of  the  sort  we  have  ever  come  across.    AU  who 
desirous  of  betn^  employed  in  the  service  of  the  telegraph  should  at  once  procure  yxJ'—CivUUm. 

,73.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  Port- 
lock's  "Rudiments  of  Geology."    By  Ralph  Tate,  A.L.S.,  &c.  Woodcuts.  2/0 

174.  HISTORICAL  GEOLOGY,  partly  based  on  Major-Genend 

PoRTLOCK's  "Rudiments."    By  Ralph  Tate,  A.L.S.,&c.    Woodcuts.       .2/6 

173.  GEOLOGY,    Physical    and    Historical.      Consisting   of 

&           '*  Physical  Geoloi^y."  which  sets  forth  the  Leading  Principles  of  the  Science ; 
174.        and  "  Historical  Geology,"  which  treats  of  the  Min<Tal  and  Onfanic  Conditions 
of  the  Earth  at  each  successive  epoch.    By  Ralph  Tate,  F.G.S.,  &c.,  &c. 
With  250  Illustrations 4/6^ 

"  The  fulness  of  the  matter  has  elevated  the  book  into  a  manual.  Its  information  is  exhaustive  and 
well  arranged,  so  that  any  subject  may  be  opened  upon  at  onceJ'—Sckool  Board  Ckronkle. 

183.  ANIMAL  PHYSICS,  Handbook  of.     By  Dionysius  Lard- 

184.        NER.  D.C.L.    With  520  Illustrations.    In  One  Vol.  (732  pages),  cloth  boards.  7/6 

\*  Sold  also  in  Two  Parts,  as  follows : — 
183.        Animal  Physics.    By  Dr.  Lardner.    Part  I.,  Chapters  I. -VI I.  .4/0 

284.        Animal  Physics.    By  Dr.  Lardner.    Part  II.,  Chapters  VII  I. -XVI 1 1.     .3/0 

'*  This  book  contains  a  great  deal  more  than  an  introduction  to  human  anatomy.  In  it  will  be  found 
the  elements  of  comparative  anatomy,  a  complete  treatise  on  the  functions  of  the  body,  and  a  description 
of  the  phenomena  ot  birth,  growth,  and  dtc».y,'^Ed9tcatiottal  Tiftus. 


FINE  ARTS,  etc. 

20.  PERSPECTIVE  FOR  BEGINNERS.     Adapted  to  Young 

Students  and  Amateurs  in  Architecture.  Painting,  &c.    By  George  Pyne.  a/o 

40.  GLASS  STAINING,  AND  THE  ART  OF  PAINTING 

ON  GLASS.    From  the  German  of  Dr.  Gessert  and  Emanuel  Otto 
From  berg.    With  an  Appendix  on  The  Art  op  Enamelling.  .  3/6 

69.  MUSIC,   A    Rudimentary  and  Practical  Treatise  on.      With 

numerous  Examples.    By  Charles  Child  Spencer 3/6 

"  Mr.  Spencer  has  marshalled  his  information  with  much  skill,  and  yrt  with  a  simplicity  that  must 
recommend  his  works  to  all  who  wish  to  thoroughly  understand  music"— ^<re^/y  Times. 

-I,  PIANOFORTE,  The  Art  of   Playing  the.      With  numerous 

Exercises  and  Lessons.    By  Charles  Child  Spencer  .        .        .1/6 

'*  A  sound  and  excellent  work,  written  with  spirit,  and  calculated  to  inspire  the  pupil  with  a  desire  to 
aim  at  high  accomplishment  in  the  vet.**— School  Board  ChronicU. 

69,71.  MUSIC,  AND  THE  PIANOFORTE.  One  Vol.  Half-bound.  5/o 
,8x.  PAINTING  POPULARLY  EXPLAINED,     By  Thomas 

JOHN  Gullick,  Painter,  and  John  Timbs,  F.S.A.    Including  Fresco,  Oil, 
Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic,  Miniature,  Painting 
on  Ivory,  Vellum.  Pottery,  Enamel.  Glass,  &c.     Fifth  Edition      .        .        .  5/0$ 
*,*  Adopted  as  a  Prize  book  at  South  Kensington, 

*'  Much  may  be  learned,  even  by  those  who  fancy  they  do  not  require  to  be  taught,  from  the  careful 
perusal  of  tlxis  unpretending  but  comprehensive  treatise.*'— --/4r/  Journal. 

186.  A  GRAMMAR  OF  COLOURING.   Applied  to  Decorative 

Painting  and  the  Arts.     By  George  Field.     New  Edition,  revised  and 
enhurged  by  Ellis  A.  Davidson.    With  Coloured  Plates       ....  3/ot 

"The  book  is  a  most  useful  return^  of  the  properties  of  pigments."--^aM/(^r. 

"  One  of  the  most  useful  of  students'  hoc^," —Architect. 

«.6   A  DICTIONAR  Y  OF  PAINTERS,  AND  HANDBOOK 

*        FOR  PICTURE  AM  A  TEURS;  being  a  Guide  for  Visitors  to  Public  and 
Private  Picture  Galleries,  and  for  Art-Students,  including  Glossary  of  Tenns, 
Sketch  of  Principal  Schools  of  Painting,  &c.    By  Philippe  Daryl,  B.A.      .  MX 
Considerins  its  small  compass,  really  admirable.    We  cordially  recommend  the  book." — Bttiider, 
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INDUSTRIAL  AND  USEFUL  ARTS. 

^3.  BRICKS    AND     TILES,    Rudimentary    Treatise    on    the 

Manufacture  of;   containing  an  Outline  of  the  Principles  of  Brickmaking. 
By  E.  DoBSON.  M.R.I.aA.    Additions  by  C.  Tomlinson,  F.R.S.    lUust.  3/ot 
**  The  \mx  handbook  on  the  subject.    We  can  safely  recommend  it  as  a  good  investment" — Buildtr, 

67.  CLOCKS  AND  WATCHES,  AND  BELLS,  a  Rudimentary 

Treatise  on.    By  Sir  Edmund  Beckett.  Bart.  Q.C.    Seventh  Edition.        .  4/6 

*«*  The  above  haacLsomely  bound,  cloth  boards ,  y.  6d. 

"llie*  best  work  on  the  subject  probably  extant.  The  treatise  on  bells  is  undoubtedly  the  best  in 
chc  language.**— JE'«^>M>mM.^. 

"  The  only  modem  treatise  on  clock-making.'* — Horological  Journal. 

83W.  CONSTRUCTION  OF  DOOR  LOCKS.     From  the  Papers 

of  A.  C.  HoBBs.  Edited  by  Charles  Tomlinson,  F.R.S.  With  a  Note 
upon  Iron  Safes  by  Robert  Mallet.    Illustrated a/6 

162.  THE  BRASS  FOUNDER'S  MANUAL:  Instructions  for 

Modelling,  Pattern  Making,  Moulding,  Turning,  &c.    By  W.  Graham.        .  a/ot 

^05.  THE  ART  OF  LETTER  PAINTING  MADE    EASY. 

ByjAiiEs  Greig  Badbnoch.    With  la  full-page  Engravings  of  Examples    .  i/o 
"Any  intelligent  lad  who  fails  to  turn  out  decent  work  after  studying  this  system,  has  mistaken  his 
xfKnuon/'^Eng-duh  Mechanic. 

^is.   THE   GOLDSMITH'S  HANDBOOK,  containing  full  In- 

structions  in  the  Art  of  Alloying,  Melting,  Reducing,  Colouring,  Collecting  and 
Refining.  The  processes  of  Manipulation,  Recovery  of  Waste,  Chemical  and 
Physical  Properties  of  Gold ;  Solders,  Enamels  and  other  useful  Rules  and 
Recipes.  &c.    By  George  E.  Gee.    Third  Edidon,  considerably  enlarged     .  5/ot 

"  a  good,  sound,  technical  educator." — Horolepcal  Journal, 

"  A  standard  book,  which  few  will  care  to  be  -wCbayxV* -^Jeweller  and  Metalworker. 

^.5.  THE  SILVERSMITH'S  HANDBOOK,  on  the  same  plan 

as  the  above.    By  George  E.  Gee.    Second  Edition,  Revised         .  .  3/0^ 

"  A  valuable  sequel  to  the  author's  '  Practical  Goldworker.' *'— >S'i/c'rfTMiM'x  Trade  Journal, 
"  As  a  guide  to  wtnrkmen  it  will  prove  a  good  technical  educator."— -C/ajr^^iv  Herald. 

•«•  The  two  preceding  Works,  in  One  handsome  Vol.,  half-bound,  entitled  "  The 
Goldsmith's  and  Silversmith's  Complete  Handbook,"  js. 

249.  THE  HALL-MARKING  OF  JE  WELLER  Y.  Compris- 
ing an  account  of  all  the  different  Assay  iowns  of  the  United  Kingdom ;  with 
the  Stamps  at  present  employed  ;  also  the  Laws  relating  to  the  Standards  and 
HaU-Marks  at  the  various  Assay  Offices.    By  George  E.  Gee      .  .  3/0^ 

"  Deals  thoroughly  with  its  subject  from  a  manufacturer*sand  dealer's  point  of  vie w.** — Jeweller. 
'*  A  valuable  and  trustworthy  ^a^Ait." —English  Mechanic. 

224.  COACH-BUILDING:   A  Practical  Treatise,  Historical  and 

Descriptive.    By  Jambs  W.  Burgess.    With  57  Illustiations  •  9/6t 

**Thts  handbook  will  supoly  a  long-felt  want,  not  only  to  manufacturers  themselves,  but  more 
lurticularlv  apprentices  aod  others  whose  occupations  may  be  in  any  way  connected  with  the  trade  of 
coach-building.^' — European  Mail, 

235.  PRACTICAL   ORGAN  BUILDING.    By  W.  E.  Dickson, 

M.A.,  Precentor  of  Ely  Cathedral.    Second  Edition,  Revised,  with  Additions. 

Illustrated 2/6^ 

"The  amateur  builder  will  find  in  this  book  all  that  is  necessary  to  enable  him  personally  to  con- 
struct a  perfect  organ  with  his  own  h»ad%."^ Academy. 

**  The  best  work  on  the  subject  that  has  yet  appeared  in  book  form,**— English  Mechanic. 

262.  THE  ART  OF  BOOT  AND  SHOEMAKING,  including 

Measurement,  Last-fitting,  Cutting-out,  Closing  and  Making ;  with  a  Descrip- 
tion of  the  most  Approved  Machinery  employra.  By  John  Bedford  Leno, 
late  Editor  of '  *  St.  Crispi  A  "  and  * '  The  Boot  and  Shoemaker. "  With  numerous 

Illustrations.    Second  Edition 3/0^ 

'*  This  excellent  treatise  is  by  Smx  the  best  work  ever  written  on  the  subject.  The  chapter  on  clicking. 

winch  shows  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book.*' — Scottish  Leather 

Trader. 

263.  MECHANICAL  DENTISTR  Y:  A  Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  comprising  also 
Useful  Fonnulae,  Tables  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  Ac. 
By  Charles  Hunter.    Third  Edition,  revised,  with  additions     .       .       .  3,'oX 

"  We  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession  of 
<1entisty,  as  well  as  to  erery  mechanical  dentist.** — DtMin  Journal  of  Medical  Sctenee. 
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MISCELLANEOUS  VOLUMES. 

36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITECTURE, 

BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHE- 
OLOGY, the  FINE  ARTS,  6*^.    By  John  Wealb.    Fifth  Edition,  with 
numerous  Additions.    Edited  by  Robt.  Hunt,  F.R.S.,  Keeper  of  Mining 
Records,  Editor  of  "Ure's  Dictionary.*'*   Numerous  Illustrations  .        •        .5/0 
•«•  The  above,  strongly  bound  in  cloth  boards,  price  6s, 
"The  best  small  technological  dictionary  in  the  language.** — Architect. 

*'  The  absolute  accuracy  of  a  work  of  this  character  can  only  be  judged  of  after  extensive  consuitation- 
and  from  our  examination  it  appears  very  correct  and  very  complete." — Mining^  JoMrnal, 

'/  There  is  no  need  now  to  speak  of  the  excellence  of  Uiis  work ;  it  received  the  approval  of  the  com- 
munity long  ago.    Edited  now  by  Mr.  Robert  Hunt,  and  published  in  a  cheap,  handy  form,  it  will 
the  utmost  service  as  a  book  of  reference  scarcely  to  be  exceeded  in  value.*' — Scotsman, 

SO,  THE    LAW    OF    CONTRACTS  FOR    WORKS   AND 

SERVICES,    By  David  Gibbons.    Third  Edition,  enlai^ed       .        .        .  3>^t 

"  A  very  compendious,  fnU  and  intelligible  digest  of  the  working  and  results  of  the  law,  in  regard  to 
all  kinds  of  contracts  between  parties  standing  in  the  relation  of  employer  and  employed.** — Btulder, 

"  This  exhaustive  manual  is  written  in  a  clear,  terse,  and  pleasant  style,  and  is  just  the  work  fbxr 
masters  and  servants  alike  to  depend  upon  for  constant  reference.*' — Metropolitan, 

iia.  MANUAL  OF  DOMESTIC  MEDICINE.  By  R.  Gooding, 

B.A.,  M.D.    Intended  as  a  Family  Guide  in  all  cases  of  Accident  and  Efaier- 
gency.    Third  EUlition,  carefully  revised 9/0 

"  The  author  has,  we  think,  performed  a  useful  service  by  placing  at  the  disposal  of  those  situated,, 
by  unavoidable  circumstances,  at  a  distance  from  medical  aid,  a  reliu>le  and  sensible  work  in  which  pro> 
fessional  knowledge  and  accuracy  have  been  well  seconded  by  the  ability  to  express  himself  in  ordinary 
untechnical  language.'* — Public  Health. 

i,2.»  MANAGEMENT    OF  HEALTH.      A  Manual  of  Home 

and  Personal  Hygiene.    By  the  Rev.jAMES  Baird,  B.A x/o 

"  The  author  gives  sound  instructions  for  the  preservation  of  htaMhy—Athtiutum. 
"  It  is  wonderfully  reliable,  it  is  written  with  excellent  taste,  and  there  is  instruction  crowded  into* 
every  page." — English  Mechanic. 

150.  LOGICy  Pure  and  Applied.  By  S:  H.  Emmkns.    Third  Edition  1/6 

'*  This  admirable  work  should  be  a  text-book  not  only  for  scho<rfs,  students  and  philosophers,  for  all 
literatenrs  and  men  of  science,  but  for  those  concerned  m  the  pracdcal  affairs  of  hfe,  &c." — The  Nrats.. 

ic.   SELECTIONS   FROM  LOCKE'S   ESSAYS    ON  THE 

HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmens      .        .  a/o 

,54.  GENERAL  HINTS  TO  EMIGRANTS.  Containing  No- 
tices of  the  various  Fields  for  Emigration.  With  Hints  on  Preparation  for 
Emigrating,  Outfits,  &c.,  Useful  Recipes,  Map  of  the  World.  &c.  .        .  2/0 

,57.  THE  EMIGRANT'S  GUIDE  TO  NATAL.    By  Robert 

James  Mann,  F.R.A3.,  F.M.S.    Second  Edition,  revised.    Map        .        .  2/0 

,03.  HANDBOOK  OF  FIELD  FORTIFICATION     By  Major 

W.  W.  Knollys,  F.R.G.S.    With  163  Woodcuts 3/ot 

"A  well-timed  and  able  contribution  to  our  military  literature.  .  .  .  The  author  supplies,  in  a 
clear  business  style,  all  the  information  likely  to  be  practically  useful."— -C^oiw^rrr  0/  Comtnerce- 
Chronicle. 

,94.  THE  HOUSE  MANAGER:    Being  a  Guide  to  Housekeep- 

ng,  Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  the  Table  and  Dessert,  Cellarage  of  Wines,  Home-brewing  and 
Wine-making,  the  Boudoir  and  Dressing-room,  Travelling,  Stable  Economy, 
Gardening  Operations,  &c.    By  .\n  Old  Housekeeper       ....  3/6 1 
"  We  find  here  directions  to  be  discovered  in  no  other  book,  tending  to  save  expense  to  the  pocket 
as  well  as  labour  to  the  head."— yoAw  BulL 

**  Quite  an  Encyclopaedia  of  domestic  matters.  We  have  been  gready  pleased  with  the  neatness 
and  lucidity  of  the  explanatory  details."— C^«r^  Circular. 

,94.  \HOUSE  BOOK{Tke).  Comprising:  I.  The  House  Manager. 
112.  L  By  an  Old  Housekeeper.    H.  Domestic  Medicine.    By  Ralph  Gooding, 

M.D.    HI.  Management  OP  Health.    By  James  Baird.    InOneVoL. 

strongly  half-bound 6/0 
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